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Abstract 
Research has indicated an effect of obesity on cognitive performance but there has 
been limited research considering how individual differences in eating behaviour are related 
to variation in cognitive processes. Differences in cognitive performance influence an 
individual’s ability to undertake behaviour change or maintain healthy behaviours. This thesis 
addressed a current gap in the literature by assessing the effect of Restraint, Emotional and 
External eating behaviour on the cognitive processes involved in undertaking causal 
reasoning judgements and the inhibition of distraction by food images. 
Study 1 (N=176) examined how individual’s causal conditional reasoning (CCR) 
performance varied dependant on whether the reasoning tasks was based on general or obesity 
causal relationships. Participants made more accurate, logical reasoning decisions when 
undertaking obesity CCR tasks compared to general CCR tasks. However, individuals high in 
restraint did not show the same increase in reasoning ability for obesity tasks, but their 
performance for general tasks did not differ. Study 2 (N=110) replicated key findings 
however, increased levels of restraint were associated with detrimental CCR performance 
across both conditions. Study 3 (N=83) confirmed that a participants automatic belief in the 
causal relationships drove their CCR responses more than controlled, logical processing. 
Study 4 (N=31) was the first of three flanker studies examining ability to inhibit distraction by 
food pictures. Results showed emotional eaters were slower to respond to target pictures, with 
external eaters displaying a significant reduction in distraction for palatable flanking pictures. 
Study 5 (N=47) compared individual differences in cognitive control modulation (CCM) for 
food and non-food pictures. Results showed emotional and external eaters slower to respond 
to food pictures, with emotional eaters demonstrating significantly greater levels of CCM for 
food pictures only. Study 6 (N=48) found when required to simultaneously process food and 
non-food pictures, participants respond more strongly to differences in valence of target 
stimuli. In addition participants were more distracted when responding to sweet targets foods. 
In summary, the thesis suggest a relationship between eating behaviour traits and 
cognitive processing when undertaking causal reasoning and inhibiting distraction by food 
pictures. The synthesis of results indicates emotional and external eating behaviour influences 
automatic cognitive processes more strongly, with increased levels of restraint influential on 
controlled cognitive processes. The implications of findings on the design and implementation 
of behaviour change or maintenance programs is apparent. 
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Chapter 1: General Introduction 
Research indicates a negative relationship between obesity and cognition. However, 
often the directionality of this relationship is unclear, meaning that we do not know whether 
specific cognitive ways of thinking are causal for obesity or whether obesity is the reason for 
people’s changes in cognitive thinking. The aim of this PhD thesis is to examine whether 
eating behaviour traits, rather than weight per se, already influence cognitive performance. 
Specifically the thesis will focus on the eating behaviour traits of Restraint, Emotional Eating 
or External Eating that are traditionally associated with obesity, to investigate how they are 
related to two examples of cognitive processing – causal reasoning, and the ability to inhibit 
distraction from food stimulus. Restraint, Emotional and External eating traits are all 
associated with different variations in level of cognitive engagement with food and how this 
is seen to translate into eating behaviour. Arguably there is a need to consider the possible 
influence of eating behaviour on cognition to challenge both whether it is purely 
physiological changes that explain the reduction in cognitive performance, but also to provide 
a possible explanation for why some elements of preventative interventions may not be 
effective due to individual differences in their target audiences’ eating behaviour traits.  
It is not within the remit of this thesis to consider a wide range of cognitive processes 
so the research has focused on two processes that are particularly relevant within the context 
of obesity and eating behaviour. First, an individual’s ability to undertake causal reasoning 
judgements in the context of obesity (and specifically healthy eating and exercise behaviour), 
and second an individual’s ability to inhibit distraction from visual food stimulus (see section 
1.2). In order to examine these processes and set them within the context of eating behaviour 
implications for health, I have taken an interdisciplinary approach which crosses the 
boundaries of health psychology and cognitive psychology. 
This general introduction will provide an overview of the background of the thesis 
explaining the relevance of the research within the wider topic (section 1.1). Further sections 
1.2 and 1.3 will provide an introduction to the cognitive processes chosen as the focus of the 
research as well as the theoretical background adopted. Section 1.4 will give an overview of 
the research aim and thesis structure with the key elements introduced within this chapter 
addressed via a more in-depth examination within the literature review.  
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1.1 Background to the research 
 The rising level of obesity is probably the biggest health risk currently facing the 
western world. Obesity levels in the USA and UK have tripled and doubled respectively in 
the last 20 years (C. L. Ogden et al., 2006). By being overweight and obese an individual’s 
risk of cancer, heart attack and stroke increase significantly and the financial cost of obesity 
treatment is huge and growing, currently costing the UK approximately £15.8 billion per 
annum with over £5 billion in costs to the NHS alone (Foresight, 2007) 
 There are multiple causes of obesity; psychological, environmental and genetic. 
Research indicates genetic factors account for between 50-70% of unique variance in weight 
(J. Ogden, 2010). However, recent efforts to map the causes of obesity have instead just 
highlighted the complex relationship between factors (Foresight, 2007). A significant amount 
of past research has focused on an individual’s eating behaviour traits, and how these are 
related to obesity (Finlayson, Cecil, Higgs, Hill, & Hetherington, 2012; J. Ogden, 2003). An 
individual’s tendency towards Restraint has been shown to be both associated with short term 
weight loss, but also with failure in weight loss maintenance(Herman & Polivy, 1984; Polivy 
& Herman, 1992). Attempts at Restraint can be characterised by episodes of over-eating and 
disinhibition as well as the detrimental eating behaviour seen in eating disorders such as 
Anorexia Nervosa and Binge Eating Disorder (Westenhoefer, Stunkard, & Pudel, 1999; 
Westenhoefer, 1991). Emotional eating behaviour has consistently been shown as having a 
strong relationship with weight gain, with many overweight and obese individuals reporting 
tendencies towards eating in response to a wide range of emotional and cognitive states 
including boredom, anxiety and frustration (Ganley, 1988, 1989; Konttinen, Haukkala, 
Sarlio-Lahteenkorva, Silventoinen, & Jousilahti, 2009). Studies also indicate a relationship 
between obesity and an individuals’ response to food stimulus in the environment, in terms of 
sights, smells and sounds (Brignell, Griffiths, Bradley, & Mogg, 2009; Herman & Polivy, 
2008; Hou et al., 2011). This motivational draw towards consumption of food triggered by 
food in the environment, called External eating behaviour, is the third primary eating 
behaviour that will be examined within the thesis. Individual differences in eating behaviours 
therefore are clearly related to differences in weight gain and therefore arguably an increased 
understanding of their influence on factors such as cognition and intervention success is key. 
 Not only are there significant negative health implications of being overweight and 
underweight as stated above, substantial research indicates a relationship with detrimental 
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cognitive effects. Research has shown obesity to be an independent risk factor with respect to 
degenerative cognitive disease such as Alzheimer’s (Fitzpatrick et al., 2009; Gustafson, 
Rothenberg, Blennow, Steen, & Skoog, 2003; Kivipelto et al., 2005). But conflicting recent 
evidence has proposed a protective relationship between being over-weight and the risk of 
developing dementia (Qizilbash et al., 2015). Alternative studies have indicated obesity has a 
negative relationship with a number of cognitive functions including working memory, verbal 
fluency and inhibition (Gunstad, Lhotsky, Wendell, Ferrucci, & Zonderman, 2010; Reinert, 
Po’e, & Barkin, 2013). The relationship between obesity and cognitive function will be 
expanded on in the literature review and indeed, this will show that the evidence is not 
completely negative. However, what is not clear is whether the altered cognitive performance 
can be already seen in connection with specific eating behaviour traits, and in particular 
whether this relationship is evident prior to any significant weight gain. There is already 
reason to believe that a relationship between eating behaviour and cognition will be seen due 
to that fact that to different degrees all of the eating behaviours are associated with variations 
in levels of cognitive engagement with food and to an extent information processing of food 
and food related knowledge. Restraint requires cognitive effort to maintain levels of dietary 
restriction (Lattimore & Maxwell, 2004; Ward & Mann, 2000). By definition emotional 
eating is associated with variation in cognitive arousal and affect (Goldbacher et al., 2012; 
Spoor, Bekker, Van Strien, & van Heck, 2007). With external eating associated with 
heightened cognitive and physiological response to visual/sensory input (Brignell et al., 2009; 
I M T Nijs, Franken, & Muris, 2009). The thesis will therefore aim to address these questions 
and confirm whether there is a relationship between eating behaviour traits and deficits in 
cognition using a non-obese population. 
1.2 Cognitive Processes and Methodological Techniques 
 The decision was made to focus the thesis on two specific cognitive processes in order 
to start investigations in this area:  
Firstly I investigated the ability to undertake causal conditional reasoning judgements 
in the context of obesity and more specifically eating behaviour choices that influence weight 
gain and loss. This particular process was chosen due to the number of interventions that have 
been instigated that are primarily based on the principle of providing healthy eating 
education. An assumption behind the effectiveness of such education-based interventions is 
that individuals have the ability to make accurate logical reasoning judgements between the 
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cause and effect, i.e. between the positive or negative eating behaviour (cause) and the 
subsequent weight gain/loss (effect). Three research studies were undertaken looking at 
causal conditional reasoning and individual differences and are reported in Chapters 3-5.   
 The second process that has been investigated is an individual’s ability to inhibit 
distraction from visual food stimulus. The Obeseogenic environment is often cited as one of 
the many reasons for increasing levels of obesity. US children are exposed to an average of 
15 food adverts per day (FTC, 2007) and studies indicate that exposure to food advertising in 
children is related to increased levels of BMI (Zimmerman & Bell, 2010).With recent UK 
based research showing a link between exposure to food outlets in the environment and 
weight gain (Ceteteanau, 2014). The large scale population study indicated that the more 
exposure to fast food outlets a person experiences, the more takeaway consumption increases 
with 15% more food intake for the most exposed compared to the least exposed (Burgoine, 
2014). The studies indicated that on average individuals are exposed to 32 food outlets on 
their daily commute to work. All of which indicates that people are being exposed to multiple 
visual food cues on a daily basis. There is evidence for food cues triggering eating behaviour 
in past research (Fedoroff, Polivy, & Herman, 1997; Fedoroff, Polivy, & Herman, 2003; 
Rogers & Hill, 1989). However, there is also evidence that certain individuals’ who have a 
negative view of their own weight status, exhibit counter intuitive behaviour following 
exposure to food cues and reduce consumption (Ouwehand & Papies, 2010; Veenstra, de 
Jong, Koster, & Roefs, 2010; Werthmann et al., 2011). The principle of the relevance of 
exposure to visual food stimulus and the temptation to eat has however been largely 
established with evidence that it is exposure to palatable foods that is key to individual over-
consumption, although often individuals hunger state mediates effects (Castellanos et al., 
2009; Kemps & Tiggemann, 2009). Therefore, an examination of the possible individual 
differences in ability to inhibit distraction from food stimulus was chosen as the focus of 
three research studies within the thesis and will be presented in Chapters 6-8. 
The literature review in the Chapter 2 will focus in detail on these two cognitive 
processes adopted and examine the methods that have been used within the thesis. Evidence 
for the relevance of particular eating behaviours to the cognitive processes in question will be 
presented and discussed within the appropriate theoretical framework. The literature review 
will address both the similarities and differences between both the cognitive processes and 
their theoretical dual-process models of explanation.  
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1.3 Dual Process Theories 
The over-arching theoretical background behind this thesis is that of the dual-process 
model. Namely the principle of there being two cognitive process; type 1, the automatic, 
heuristic, implicit process which requires little effort and is the “natural” and dominant 
immediate response and in contrast type 2, the controlled, active, explicit process which 
requires conscious engagement and is evident in more complex reasoning or in the adoption 
of behavioural change. What is clear, and will be discussed in more detail in the literature 
review, is that the umbrella term of dual-process theory is applied across a wide range of 
fields and although there are many similarities in its application and the principles used, there 
are also clear differences in interpretation of terms and their exact role in specific cognitive 
processes in particular. It is vital that the application and understanding of dual process 
models within health psychology is developed in order to ensure its relevance in informing 
both research and interventions is fully achieved.   
 Within health psychology many dominant health behaviour theories, such as the 
theory of planned behaviour and self-regulation theory, focus on conscious factors such as 
behavioural intention and risk perception in order to predict and explain behaviour. In 
contrast, dual-process models such as the Transtheoretical Model and Reflective-Impulsive 
Model draw on the habitual processes that may have been acquired and may operate on a 
more subconscious level. This thesis has been grounded within dual process models as they 
allow a more integrated approach that examines the relationship and influence of these two 
cognitive processes and their effects on behaviour. The fact that there are variations in 
definition and specificity of dual-process models means they are not without controversy 
(Evans & Frankish, 2009). It has been argued that emphasis on the potential conflict between 
automatic and controlled systems may minimise the appreciation that heuristic processes can 
be used to promote health as much as they can be detrimental to it (Sheeran, Gollwitzer, & 
Bargh, 2013a). Although this thesis does not attempt to make use of either processing system 
to directly promote or change individual behaviour, the research aims to discover how the 
automatic and controlled system effects cognitive thinking and behavioural responses, and as 
such, how both conscious and subconscious responses need to be considered when 
determining appropriate health interventions within obesity. Further, the thesis hopes to 
highlight how knowledge of the different applications of dual process theory across 
disciplines needs to be improved within health psychology in order to gain a more accurate 
interpretation of explanations for behaviours. The call for a move away from a reliance on 
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traditional models such as the theory of planned behaviour is evident within health 
psychology (Sniehotta, Presseau, & Araújo-Soares, 2014) and a goal of the thesis is to 
demonstrate the appropriateness of dual process models as an alternative method of 
explanation. When considering its application in the context of eating behaviours and 
cognition there are already indications that differences in eating behaviour are associated with 
differences in use of processing route (Stroebe, van Koningsbruggen, Papies, & Aarts, 2013). 
Indeed some studies propose that more successful weight-loss maintainers show clear signs 
of being able to more consciously activate a controlled processing response and inhibit 
automatic processing more effectively than unsuccessful weight maintainers (DelParigi et al., 
2007; Ouwehand & Papies, 2010). You would perhaps speculate that eating behaviours are 
more likely to influence the automatic processing routes, but what the thesis aims to 
investigate is whether there is evidence of how eating behaviours influence the dual 
processing routes in response to food stimuli and information at different stages of cognition, 
and whether effects are consistent. 
1.4 Research aim and thesis overview 
The rationale for the research will be evidenced through the literature review in 
Chapter 2 with individual chapters further highlighting the need for specific questions to be 
addressed, for example, whether conflicted processing responses are the same for all food 
types. As this will be covered in depth in the next chapter only a very brief overview of the 
thesis is presented here. 
The primary question and over-arching research aim of the thesis is to determine 
whether there is evidence for a relationship between individual differences in eating 
behaviour trait and the cognitive processes of causal reasoning and inhibition of food 
stimulus distraction. Research has clearly identified that there are dominant eating behaviour 
traits associated with negative health outcomes and weight gain specifically. If it can be 
established that eating behaviour traits are related to aspects of individuals’ cognitive 
processing performance, this may provide a partial explanation for why certain interventions, 
e.g. health education, are not always successful. 
Following on from the literature review, chapters 3, 4 and 5 will present research that 
examines the relationship between eating behaviour traits and people’s ability to make causal 
reasoning decisions. The findings indicate there is a possible negative relationship between 
restraint and an individual’s performance when undertaking causal reasoning judgments. The 
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results do appear to suggest that individual’s cognitive performance, and possibly the 
negative relationship of restraint can be affected by belief, where more automatic processes 
are being used. Further the research chapters will provide evidence that performance in causal 
reasoning differs for general reasoning compared to when reasoning in relation to specific 
health behaviours.  
In chapters 6-8 the evidence for individual differences in ability to inhibit distraction 
from food pictures will be presented. The series of experimental studies will examine both 
inhibition of distraction for various food types as well as making comparisons with non-food 
related distraction effects. The results indicate that emotional and external eating behaviour 
do appear related to how people respond to food images but interestingly, the results did not 
follow the expected pattern. The studies indicate that individuals with high emotional and/or 
external eating behaviour traits may apply more cognitive control in order to inhibit 
distraction for food images. Although unexpected, post-hoc theoretical explanations of the 
findings from the three studies were considered and further research is needed to develop 
these theoretical explanations even further. From these studies, it is clear that the exact 
relationship between eating behaviour traits and cognition is rather complex and that it is 
likely to be moderated by several factors.   
Chapter 9 will present the general discussion and final conclusions. This final chapter 
presents the discussion of the differences in results within the two cognitive processing tasks. 
These differences will be considered, both in terms of the individual cognitive processes but 
also how the combined research contributes towards the field. The implications for future 
research will be proposed, and possible directions for study considered.  The discussion will 
focus on why individual responses to visual stimuli may vary depending on the context. The 
discussion will propose how the results could be used to improve weight loss or weight 
maintenance through consideration of the translation of the studies into the wider setting. The 
discussion will bring together the results in light of the principles of dual-process models and 
propose that the studies in combination do provide support for the theory of both automatic 
and controlled processes interacting and determining individual response to food and food 
choice in eating behaviour. The limitations of the thesis and the conclusions that can be 
drawn will be presented alongside recommendations for strengthening of future 
investigations. The discussion will close with the presentation of my conclusions as they 
currently stand and proposals for how they should affect the development of future studies 
and intervention design. 
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Chapter 2: Literature Review 
2.1. Obesity and Cognition 
 The obesity epidemic is undoubtedly one of the greatest health issues we currently 
face. A systematic review estimates being overweight or obese caused 3.4 million deaths 
worldwide with 36.9% of men and 38% of women overweight in 2013 and an estimated 42 
million children under the age of 5 being overweight or obese (Ng et al., 2014; World Health 
Organization,"Obesity and Overweight" n.d.). In England it is estimated that 24.4% of men 
and 25.1% of women are obese which when combined with overweight individuals, increased 
to 66.6% of men and 57.2% of women (Lifestyle Statistics Team HSCIC, 2014). The rise in 
obesity is of concern due to its known associated detrimental health risks. Being overweight 
significantly increases the likelihood of ill health including diabetes, heart disease, asthma, 
arthritis and cancer (Mokdad, Marks, Stroup, & Gerberding, 2004; “WHO | Obesity: 
preventing and managing the global epidemic,” n.d.). For example, although it is recognised 
that the majority of cancers can be explained as being a result of random genetic mutations, 
approximately 5.5% of all cancers are attributable to being overweight and the relative cancer 
risk increases by 12% per BMI increase of 5 kg m -2 (Parkin & Boyd, 2011; Renehan, Tyson, 
Egger, Heller, & Zwahlen, 2008; Tomasetti & Vogelstein, 2015). Negative effects are not 
limited to physical health, with evidence of increased prevalence of certain mental health 
problems, such as depression and anxiety, found in obese populations (Jokela, Hamer, Singh-
Manoux, Batty, & Kivimäki, 2014; Rivenes, Harvey, & Mykletun, 2009; Scott, McGee, 
Wells, & Oakley Browne, 2008). A meta-analysis confirmed the association between 
depression and obesity was significant, with the relationship stronger for women than for men 
(de Wit et al., 2010). It is unlikely that there is a simple, direct causal link from obesity to 
mental health problems such as depression, indeed a systematic review indicated a reciprocal 
link between the two, but there is a clear case established of an integral relationship between 
physical and psychological health evident in obesity (Faith, Matz, & Jorge, 2002; Luppino et 
al., 2010; Stunkard, Faith, & Allison, 2003). 
 Increasingly there is an argument for associated cognitive effects and this is a key 
focus within the thesis. Longitudinal research has shown obesity to be an independent risk 
factor for mental disorders that affect cognitive processes, such as Alzheimer’s disease 
(Gustafson et al., 2003; Naderali, Ratcliffe, & Dale, 2009; Profenno, Porsteinsson, & 
Faraone, 2010). There are indications of a negative relationship between obesity and a 
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number of cognitive functions including working memory, verbal fluency and inhibition 
(Gunstad et al., 2010; Reinert et al., 2013). The combination of both experimental and 
clinical evidence indicates that obesity is associated with executive function, learning and 
memory deficits (Cournot et al., 2006; Gunstad et al., 2007; Sabia, Kivimaki, Shipley, 
Marmot, & Singh-Manoux, 2009), with morbidly obese individuals exhibiting high rates of 
cognitive impairment (Boeka & Lokken, 2008; R. Galioto et al., 2012). Further, cognitive 
function appears predictive of weight-loss success 12 and 24 months post-bariatric surgery 
(Spitznagel et al., 2013). Research focusing on the cognitive domains of semantic memory, 
episodic memory and spatial ability found that the negative weight-cognition relationship was 
evident even after controlling for obesity-related diseases such as hypertension and diabetes 
(Nilsson & Nilsson, 2009). Research has indicated that overweight children’s fitness and 
“fatness” are both relevant to cognitive function and academic achievement, fitness showing 
a positive relationship with the reverse the case for “fatness” (Davis & Cooper, 2011). A 
review of studies focused on children and adolescent populations found both memory and 
executive function to be inversely related to BMI (Reinert et al., 2013). There are some 
indications however that the relationship between lower cognitive function and obesity is not 
the same for both genders. Research based on the longitudinal Framingham heart study 
showed adverse effects only apparent for male participants (Elias, Elias, Sullivan, Wolf, & 
D’Agostino, 2003; Elias, Elias, Sullivan, Wolf, & D’Agostino, 2005).  
Not all indications of the relationship between obesity and cognitive function are 
negative either. In particular the effect of obesity and cognition when ageing appears 
complex. Although evidence from the Framingham Heart Study implied higher BMI levels 
were related to poorer cognitive performance in elderly individuals, a contrasting study 
(albeit based on a smaller elderly cohort) found that cognitive impairment decreased as BMI 
increased (Cattin et al., 1997). The Baltimore longitudinal study indicated that obesity was 
related to reduced cognitive performance with respect to tasks such as verbal fluency, 
memory and global screening but in contrast, was also associated with improved performance 
on attention or visuospatial ability tasks (Gunstad et al., 2007, 2010). Interestingly the recent 
cohort study by Qizilbash et al., (2015), using data from nearly 2 million UK participants, 
found obesity protected against the onset of dementia.  The risk of dementia reducing with 
each increase in BMI, with a result that individuals with a BMI > 40 kg/m2 have a 29% lower 
risk of dementia than those of healthy weight (Qizilbash et al., 2015). Kuo et al., (2006) 
found that in an elderly population, better cognitive performance was seen in overweight 
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populations for reasoning and visuospatial performance, and for obese and morbidly obese 
populations for visuospatial processing in comparison to normal-weight subjects (Kuo et al., 
2006). The relationship between weight and cognitive function therefore may not be linear. 
A key limitation of the previous studies however is that there is a lack of indication 
over whether it is the change in weight that is primarily associated with the differences in 
cognitive processing, or instead the differences in cognitive processing is a more direct result 
of the nutritional effects of a high fat high sugar (HFS) western diet. Indeed directionality of 
the relationship has not been established. Alternatively, weight gain and cognitive effects are 
both moderated by a third factor, namely individual differences in eating behaviour trait. 
When we consider that many aspects of eating behaviour are affected by different levels of 
cognitive engagement, there is a clear argument to consider this as an influential factor.  
If we first consider the question of dietary influence, there are a number of animal 
studies looking at the effects of HFS foods (Boitard et al., 2014; P. M. Johnson & Kenny, 
2010; Y. Li et al., 2009). These have provided evidence of a relationship between 
consumption of HFS foods and detrimental cognitive effects in both the short and longer term 
(Kenny, 2011). However the few studies undertaken in human populations do not provide 
such a clear picture. In line with animal studies, cross-sectional research has provided 
indications of associations between high fat intake and impairment in a number of cognitive 
functions (Kalmijn et al., 2004; Morris, Evans, Bienias, Tangney, & Wilson, 2004). Further 
some experimental research indicated that short term high fat consumption can induce 
significantly lower levels of attention and speed of processing (Edwards et al., 2011; 
Holloway et al., 2011). Sugar intake has also been seen to be associated with short term 
impairment of cognitive function (Flint & Turek, 2003; Hope, Seiss, Dean, Williams, & 
Sterr, 2013; Nabb & Benton, 2006), but to date there appears to be no evidence of what long-
term effects on cognition there are. Francis and Stevenson (2011) found a clear association 
between HFS intake and reduced performance of normal-weight participants undertaking a 
memory task. In contrast to the animal literature, a number of studies have found cognitive 
performance improvements post consumption of fat or sugar – albeit on a short-term basis 
(Benton, Owens, & Parker, 1994; Kaplan, Greenwood, Winocur, & Wolever, 2000, 2001). 
Animal studies have directly investigated whether diet causes changes in brain systems and 
HFS diets have been shown to cause long-lasting reductions in striatal dopamine as well as 
changes to hippocampal and hypothalamus function (André, Dinel, Ferreira, Layé, & 
Castanon, 2014; Boitard et al., 2014). This follows the same pattern of physiological changes 
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seen after longer drug use where it is linked to cellular changes at the synaptic level when 
developing physical / psychological tolerance to the drug. If this is the case here, this means 
that the “rewarding brain response” is reduced for palatable HFS foods after longer term use. 
Perhaps as a result, people consume more of the HFS foods in an attempt to replicate the 
effect of their previous experience of positive reward sensations post-consumption. Evidence 
of significantly reduced striatal dopamine binding in obese human populations and the 
relationship between BMI and striatal dopamine release is emerging (Volkow et al., 2008; 
Wang et al., 2001). But, alternative studies have indicated no consistent relationship between 
BMI and striatal dopamine binding or with activation in frontal lobes (Ziauddeen, Farooqi, & 
Fletcher, 2012). To date therefore we cannot draw any strong conclusions of the exact nature 
of the effect of long-term HFS diets on brain physiology or activation. 
When considering the research that focuses on the relationship between weight gain 
and cognition, as discussed earlier the indications are that the relationship is not linear. For 
example, detrimental effects of obesity seen with respect to executive function and memory 
(Nilsson & Nilsson, 2009; Sabia et al., 2009). But alternatively, research has indicated that 
obesity is associated with improved performance in certain areas of cognitive performance 
such as attention or visuospatial ability tasks (Gunstad et al., 2010; Kuo et al., 2006). The 
complicated picture highlighted still further by the conflicting messages seen in research on 
the relationship between obesity and dementia. The large-scale longitudinal study proposing 
increased levels of weight are beneficial with respect to prevention of dementia (Qizilbash et 
al., 2015), a meta-analysis where obesity is shown as a clear risk factor for Alzheimer’s 
(Profenno et al., 2010) and a further longitudinal study indicating no relationship between 
higher body mass and increased risk of dementia at all (Albanese et al., 2015).  
But, the generally known negative health effects of obesity has led to another line of 
research trying to understand obese populations processing of food and eating related stimuli, 
in order to help explain differences in eating behaviour and resulting obesity. Although there 
are numerous studies showing differences in obese peoples’ processing of food related 
pictures, (Beaver et al., 2006; Nijs, Franken, & Muris, 2008; Stoeckel et al., 2008; Volkow, 
Wang, & Baler, 2011; Wang et al., 2001) there is as yet no consensus on how obese 
individuals differ in their processing of affective information, if in fact they do (Nijs et al., 
2008; Ziauddeen et al., 2012). Further in most instances research is based on the presentation 
of single food pictures, which arguably is not reflective of how food images are processed in 
real life where several foods, or images are often presented at the same time. One problem 
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with the research undertaken in human participants is that focusing the research for dietary 
effects within obese populations is in itself problematic as there are numerous other 
concurrent causes of affective abnormalities, other than just weight differences, that are likely 
to be present (Francis & Stevenson, 2013). First there is a need to understand individual 
differences in food stimuli processing before identifying how that changes in obese people, or 
whilst on a diet. 
2.2. Eating Behaviour and Cognition 
When considering the possible influence of eating behaviour on cognition, there is 
less research to review. Individual differences in eating behaviour traits have long been 
associated with obesity but little has been done to focus on the relationship between eating 
behaviour traits and cognitive function. What little there is tends to be focused on extremes of 
eating behaviour such as binge eating disorder (BED) (Galioto et al., 2012; Lavender et al., 
2014), where obese participants with and without a history of BED did not appear to differ on 
cognitive function. Alternatively some studies, grounded at the opposite end of the weight 
dimension, focused on clinical eating disorders of severely underweight individuals 
(Okamoto, 2014; Weider, Indredavik, Lydersen, & Hestad, 2014). Three main eating 
behaviour traits are associated with obesity: cognitive dietary restraint, emotional 
eating/disinhibition and external eating/hunger drive. For the purposes of the thesis the three 
traits will be referred to as restraint, emotional and external eating. Restraint is the conscious 
attempt to restrict dietary intake and this requires cognitive effort and engagement in order to 
consciously restrict food intake and/or consume healthy food choices. Emotional eating 
behaviour is the over-consumption of foods in response to emotional or cognitive cues such 
as sadness or boredom. This is where individuals’ level of food arousal is altered by mood 
but also by levels of cognitive stimulation and can trigger episodes of over-eating behaviour. 
External eating trait behaviour is the motivational drive to consume food in response to 
environmental cues which can be caused by visual and/or other sensory food and hunger 
signals in the environment. Individuals who have heightened cognitive stimulation by food 
cues in the environment are proposed as being subject to increased wanting to consume food 
regardless of hunger. It would seem therefore, that there is a clear justification for the 
consideration that as each eating behaviour trait has a relationship with information 
processing in relation to food and food choices, the variation in level of cognitive 
engagement may cause positive or negative effects on cognitive function. 
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 There have been a number of studies specifically investigating the effect of restraint 
on cognitive processes, with no apparent research focusing on emotional or external eating 
behaviour and cognition. Studies do indicate there may be a degree of cognitive impairment 
for restrained eaters in comparison to unrestrained eaters with effects seen in both adults and 
children (Brunstrom, Davison, & Mitchell, 2005; Rogers & Green, 1993; Joachim 
Westenhoefer et al., 2013). The effects seen to indicate a reduction in working memory 
capacity, as well as slower processing response and impaired executive function with respect 
to planning tasks. A difficulty with the research is that the findings in some circumstances are 
quite weak and based on small sample sizes (Higgs, 2007). Research comparing both levels 
of trait restraint and dieting behaviour found that only individuals who were both high in 
restraint trait and actively dieting showed deficits in working memory capacity (Green, 
Elliman, & Rogers, 1997). An earlier study indicating that trait restraint mediated the 
relationship between dieting and non-dieting, with active dieters having slower reactions, 
reduced short-term memory capacity as well as the most impaired performance on a vigilance 
task whereas individuals high in restraint but not actively dieting, performed at an 
intermediate level compared to those non-dieters with low to moderate restraint tendencies 
(Green, Rogers, Elliman, & Gatenby, 1994). It would appear that there is a possible 
relationship between differences in how restraint is being applied and the degree of any 
detrimental effect on cognitive processes (Green et al., 1997, 1994; Jones & Rogers, 2003; 
Kemps & Tiggemann, 2005). The combination of evidence in particular indicating 
performance of the central executive function, and working memory are affected (Jones & 
Rogers, 2003; Kemps & Tiggemann, 2005). This implies that where dieters are required to 
undertake dual-task activities, where cognitive resources are divided, performance is lower 
for individuals high in restraint (particularly if actively dieting), in comparison to 
unrestrained individuals (Brunstrom & Witcomb, 2004). A problem with many of these 
studies is that they are quite abstract in nature and there is not an obvious attempt to interpret 
findings in relation to real world behaviours, for example responding to educational 
information or making food choices. If restraint eating behaviour is associated with reduced 
working memory capacity for example, what are the likely consequences of this when 
individuals are trying to understand connections between claims made about foods and 
obesity?  
Within this thesis the intention is to consider not just the effect of restraint on 
cognitive function, but the traits of emotional and external eating behaviour as well but using 
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methods that can be inferred as related to decisions and choices individuals experience. As 
highlighted earlier, there are difficulties with focusing research in a population that is already 
obese, as multiple causes of affective abnormality in cognition can be proposed to explain 
results. An alternative, and arguably more effective approach which will be undertaken in the 
thesis, is to study individuals who are healthy and of normal weight. This will enable the 
investigation of differences in eating behaviour and cognitive performance by obtaining 
indications of any differences earlier in the weight development timeline, thereby eliminating 
any possible influence of physiological and psychological differences post weight gain. In 
addition, as it has been proposed that the negative effects of obesity on cognitive performance 
are moderated by intellectual ability (Galioto, Alosco, Spitznagel, Stanek, & Gunstad, 2013), 
it is beneficial to have a cohort which is of similar intellectual and educational ability as 
found within this thesis. 
2.3. The connection with behaviour change interventions 
 A second reason to study eating behaviour traits and their related cognitive function is 
that the effectiveness of non-individualised obesity prevention and / or behavioural treatment 
intervention is low. The new approach towards more individualised prevention and treatment 
interventions might be a better way to address the obesity epidemic. In the next paragraphs I 
will review current prevention and interventions and highlight why these individualised 
strategies might be the way forward.   
There are some indications that since 2006 the increase in adult obesity in developed 
countries has slowed, but there have been no examples of significant decreases in obesity 
rates for any country in the last 33 years (Ng et al., 2014). This calls in to question the 
efficacy of interventions currently being adopted. Evidence indicates that obesity in 
childhood is predictive of obesity in adulthood. That being the case, the current levels of 
overweight in children paints an incredibly concerning picture (Ng et al., 2014; Wang & 
Lobstein, 2006). There are different types and levels of intervention but they can generally be 
viewed as either individual or population based interventions. In the public health arena, 
where population based interventions sit, the dominant type of intervention is education-
based. Historically there has been a movement towards improving people’s knowledge and 
education about food on the basis that that will in turn improve their food choices. Previous 
studies have provided evidence of a relationship between knowledge and healthy eating 
(Wardle, Parmenter, & Waller, 2000). But alternative research, although reporting an overall 
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positive relationship between knowledge of dietary guidance and food consumption, when 
examined in detail appears to show the connection between knowledge and behaviour is 
mixed and inconsistent (Kolodinsky, Harvey-Berino, Berlin, Johnson, & Reynolds, 2007). 
Interventions that have been adopted include “5 a day” which introduced the school fruit and 
vegetable scheme in an effort to increase consumption and government reports indicated that 
there had been improvements, albeit significant variation based on factors such as 
geographical area and age group (NFER, 2007). The movement towards providing nutritional 
information on packaging has gained pace over recent years. This is despite past reviews 
showing that this plays a relatively small part in individuals decision making and that overt 
labelling of healthy foods may actually be detrimental (Grunert, Wills, & Fernández-
Celemín, 2010; Wagner, Howland, & Mann, 2015; Worsley, 2002). Current campaigns 
within the UK include the healthy choices campaign “Change4Life” where the focus is on 
encouraging individuals to make small changes, for example the promotion of “smart-swaps” 
and to “be food smart”. This is based on “nudge” theory of moving people gradually towards 
healthier behaviours which has gained some prominence within UK government policy in 
recent years with the formation of the Behavioural Insights Team. 
 However, there are at least two very major problems with an education-based 
intervention approach. Firstly, education largely influences intention and although this is 
often the primary target of an intervention ( Ajzen, 1991; Fishbein & Ajzen, 2005), it has also 
been long established that there is an intention-behaviour gap (Armitage & Conner, 2001; 
Rhodes & de Bruijn, 2013). Therefore although the aim of improving food knowledge may 
be being addressed, the end goal of changing food choice and eating behaviour may not be 
sufficiently affected. Therefore unless additional elements, such as planning and raising of 
self-efficacy are included in interventions, the efficacy of the transition from intention to 
action is reduced (Gollwitzer & Sheeran, 2006; Sniehotta, Scholz, & Schwarzer, 2005). 
Further, individual differences in executive function have been shown to be related to the 
extent of the gap between intention and behaviour in health behaviours (Allan, Johnston, & 
Campbell, 2011; Mullan, Wong, Allom, & Pack, 2011). Secondly, there is a large percentage 
of overweight and obese who have very strong nutritional knowledge (Burns, Richman, & 
Caterson, 1987). This may be a result of experiencing numerous weight loss attempts. 
Research has shown that knowledge of both nutrition and the negative health consequences 
of obesity is high in obese populations but not related to levels of weight loss (Gordon-
Larsen, 2001; Reinehr, Kersting, Chahda, Wollenhaupt, & Andler, 2001; Winston et al., 
16 
 
2014). However, some contradictory evidence to the above cited studies can be found which 
shows that alternative evidence can contradict this and there are clearly some significant  
variations in the success of these education-programmes between targeted populations 
(Klohe-Lehman et al., 2006; Swift, Glazebrook, Anness, & Goddard, 2009). There are 
indications that by targeting educational interventions at an early stage, behaviour can be 
influenced. The Food Dudes intervention program, based on a mixture of education and 
reward based methods, has shown an increase in fruit and vegetable consumption is possible 
(Horne et al., 2004, 2009; Wengreen, Madden, Aguilar, Smits, & Jones, 2013). But, one of 
the first independent evaluations of the Food Dudes program only showed a few minor  
intervention effects, and therefore the overall results from the program must be considered 
with some caution (Upton, Taylor, & Upton, 2013; Upton, Upton, & Taylor, 2013). Overall it 
would appear that education-based approaches may not be that effective on long-term 
behaviour change and therefore long-term weight loss. Indeed the need for nutritional 
education for many overweight individuals has not been established. That being the case the 
question remains over why individuals who may have good nutritional knowledge, and 
understand the relationship between certain food intake and weight gain/loss still make poor 
eating choices. This question underpins the experimental studies examining causal reasoning 
behaviour in people with different eating behaviour traits as report in chapters 3-5. 
 Individual intervention methods traditionally consist of diet and exercise-based 
behaviour change, although clearly for the morbidly obese, surgical intervention is the most 
effective means for weight loss (Bond et al., 2005; Powell, Calvin & Calvin., 2007). 
Traditional diet-based interventions can result in significant reductions in weight, but it has 
been argued that for the majority the weight is regained within 2-5 years (Jeffery et al., 2000). 
There are indications however that this is not necessarily the case and that long-term 
behaviour change via traditional methods is achievable too (Dombrowski, Knittle, Avenell, 
Araújo-Soares, & Sniehotta, 2014; Thomas, Bond, Phelan, Hill, & Wing, 2014). Individual 
diet interventions will consist of a mixture of nutritional and educational content as well as 
goal driven targeted weight loss programs. Reviews indicated that combined interventions, 
where diet and lifestyle change/exercise are integrated with behaviour therapy are the most 
effective way to reduce weight levels, but retention levels in trials are very low (Jeffery et al., 
2009; Ryan et al., 2010; Shaw, O’Rourke, Del Mar, & Kenardy, 2005). Again, these results 
indicate the gap between peoples planned behaviour change, and their actual sustained 
behaviour change, but it goes further than that. The lack of long-term weight loss 
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maintenance suggests that even for individuals who are able to adopt and sustain a healthy 
eating approach for a good period of time, the behaviour change (which by many definitions 
would be viewed as habitual) is still not being maintained. If education and traditional 
diet/exercise interventions are not effective, we need to consider why not. Arguably the 
explanations for lack of successful outcome can be summarised as being a result of individual 
differences. If genetic variation is set aside, these individual differences can be demographic 
or psychosocial factors such as age, social economic status or social support (Brantley et al., 
2014; Nelbom, Naver, Ladelund, & Hornnes, 2010). In relation to successful weight-loss 
maintenance, research shows users of traditional interventions have to work hard and make 
significant personal commitment of time and effort compared to surgical populations where 
unhealthy eating behaviours can still be maintained (Bond, Phelan, Leahey, Hill, & Wing, 
2009). Studies looking at why people either gain weight or fail to lose weight indicate an 
individual’s obesity causal model can determine outcome, with those individuals who hold a 
biological model of obesity being less able to maintain a healthy weight status (Ogden & 
Flanagan, 2008; Ogden, 2000; Ogden et al., 2001). Further, individuals who believe obesity 
is caused by lack of exercise as opposed to dietary choices have been shown to consume 
more (McFerran & Mukhopadhyay, 2013). This evidence of the relevance of people’s causal 
beliefs about obesity further supports the need to investigate the connection between 
knowledge, belief and eating behaviour. In summary, unless we continue to understand 
individual differences, and in particular their effects in relation to aspects of interventions, 
then we will not be in a position to move towards development of more effective 
interventions. 
 The decision was made to focus on two cognitive processes as the basis for research 
investigations in order to prevent the thesis having too narrow a focus whilst maintaining a 
realistic opportunity to investigate cognition and eating behaviour in depth. The first area of 
cognition that will be discussed below is reasoning, and specifically, causal reasoning 
judgements. This is an aspect of executive function where individuals make inferences about 
the cause effect relationship between factors. As highlighted above, this process is involved 
in the everyday food choice decisions individuals make and is a connective process between 
knowledge/intention and action/behaviour. The second cognitive process that will 
subsequently be discussed is the ability to ignore food temptation or adverts. More 
specifically, the three research studies undertaken consider individual differences in ability to 
inhibit distraction from food pictures. This aspect of cognition is particularly relevant when 
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considering the obeseogenic environment and rise in food related information that people are 
exposed to on a daily basis. Both cognitive processes will be addressed from a 
methodological standpoint but will also highlight how the theoretical principles of dual 
process models are relevant in each context before discussing the connections between the 
two and with the dual process models currently presented in health.  
2.4. Causal Reasoning 
 Causal conditional reasoning (CCR) is the process involved when a person determines 
the strength of a causal relationship between two elements to conclude whether the outcome 
presented will occur. In its purest form, CCR is presented as a logical reasoning problem 
centred on a rule-based major premise “if p then q”. Subsequently, in order to determine the 
effectiveness of an individual’s logical reasoning, a series of four minor premises are 
presented which either deny or affirm p or q. Individuals then make a judgment over whether 
the conclusion (effect) that is being inferred from the minor premise is valid. Table 2.1 
presents an example of a traditional CCR paradigm. 
Table 2.1  
Example of a Causal Conditional Reasoning Problem 
 Example Logical Inference 
Major Premise = If p then q If it is a dog then it is a 
mammal 
 
Modus ponens (MP) = p It is a dog It is a mammal  
Denial of the antecedent 
(DA) = not p 
It is not a dog May or may not be a mammal  
Affirming the consequent 
(AC) = q 
It is a mammal May or may not be a dog  
Modus tollens (MT) = 
Not q 
It is not a mammal It is not a dog  
 
An example of the major premise, or rule, is presented with the corresponding four 
minor premise forms. The logical inference is also presented in the table, highlighting that in 
only two circumstances on presentation of the minor premise (MP & MT) a valid, logical 
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conclusion (or inference) can be drawn. On the other two occasions (DA & AC), the minor 
premise presented does not provide sufficient information from which a person should draw a 
logical inference if the only thing “known” is the rule. Therefore, if an individual is 
undertaking accurate logical reasoning beliefs are irrelevant, decisions are based on 
controlled, rule-based processes. 
In order to understand norm behaviour in relation to logical reasoning, Schroyens, 
Schaeken and d’Ydewalle (2001) undertook a review to produce a benchmark of inference 
based on premise type. Results were drawn only from studies containing abstract materials, 
such as letters or shapes, in order to reduce any general knowledge influence. The findings do 
indicate that in the main, the level of endorsement of the conclusion does vary in line with the 
validity of the minor premise. The pattern of endorsement responses for the four conditional 
inferences being MP 96.8%, DA 56.0%, AC 64.0% and MT 74.2% (Schroyens, Schaeken, & 
D’Ydewalle, 2001). But even with abstract rule-based paradigms, clearly the majority of 
people are not undertaking a purely logical reasoning process. In the real world, there are 
very few examples of true logical relationship rules that people encounter on a day to day 
basis that would conform to the CCR paradigm and this may influence people’s performance 
even within the context of an abstract task.  
Cummins identified that in most cases, when people are asked to make causal 
reasoning judgments they draw on past experience and knowledge (Cummins, Lubart, 
Alksnis, & Rist, 1991; Cummins, 1995). The research showed that individuals tend to 
consider situations where the rule would not apply. Findings show individuals report 
alternative causes (AC) for the conclusion (in addition to that being presented in the major 
premise), and provide examples of when different outcomes would occur, referred to as a 
disabling condition (DC). For example, when presented with a major premise, “If I often eat 
sweets, then I have cavities” there are many alternative causes for the conclusion, such as not 
brushing my teeth, which will lead to cavities whatever food has been eaten. In the same way, 
a disabling condition for the outcome could be that by brushing my teeth I will avoid having 
cavities, regardless of the number of sweets I eat. In these circumstances, regardless of 
logical validity, individuals are less willing to endorse the conclusion inferred because they 
draw on experience. The level of AC or DC explanations that individual can bring to mind 
influenced by familiarity, in particular, their familiarity with possible alternative outcomes or 
explanations (Cummins, 1995). In contrast, with a rule where few alternative associations are 
known, such as “If I cut my finger, then it bleeds”, participants are more willing to endorse 
20 
 
the logically valid options as they can think of few circumstances where if you cut your 
finger it will not bleed, or examples of where a finger is bleeding that has not been cut. 
Therefore, prior knowledge will influence an individual’s endorsement of a causal 
relationship. 
The principle of familiarity was extended by evidence that the believability of the 
causal relationship influences how people reason, with highly believable examples more 
readily accepted and less believable examples more readily rejected (Evans, Handley, & 
Bacon, 2009; Thompson & Evans, 2012). Level of belief could be indicated by the extent 
participants were able to access alternative causes and disabling conditions, with highly 
believable items associated with few alternative causes or disabling conditions, and low 
belief items associated with multiple AC’s or DC’s. But it has also been demonstrated that 
simply requesting participant belief ratings of a premise is an effective measure for 
confirming belief bias (Evans et al., 2009; Verschueren, Schaeken, & d’Ydewalle, 2005). 
Bringing it back to the research topic of this thesis, if I consider the earlier research presented 
about differences in individuals beliefs about causes of obesity, and individual differences in 
eating behaviour, I would expect there to be significant differences between how influential a 
person’s beliefs would be on the reasoning process on whether to accept a causal connection 
between, for example, eating certain foods and weight gain. 
Research has indicated that belief bias is an automatic process, and attempts to inhibit 
the influence of prior belief requires the application of cognitive effort (Barton, Fugelsang, & 
Smilek, 2009). But, there is also evidence that in addition to the automatic searching of your 
beliefs to contradict the premise, the causal reasoning process draws on working memory 
processes and semantic knowledge (De Neys, Schaeken, & d’Ydewalle, 2005; Fugelsang & 
Thompson, 2003; Handley, Capon, Copp, & Harper, 2002). This model is developed from the 
theory that logical performance draws on mental models as opposed to formal rules (Johnson-
Laird & Byrne, 1993). A mental model is a possibility that is related to the conditional 
statement being considered. Mental models are constructed from both verbal and general 
knowledge, with individuals accessing working memory to consider the causal relationship 
they are being presented with, and the alternative models they hold to refute it (Johnson-Laird 
& Byrne, 1991). An alternative theory proposed is that individuals make probabilistic type 
judgements based on experience of real world situations (Oaksford, Chater, & Larkin, 2000; 
Over, Hadjichristidis, Evans, Handley, & Sloman, 2007; Quinn & Markovits, 1998).  In other 
words, people make a judgement on the probability that the causal connection is valid based 
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on factors such as past experience (Haigh, Stewart, & Connell, 2013), thereby moving away 
from a strict rule-based process to one of probability.  
Although, as shown above, the suggestion that people are accessing mental models 
when making causal reasoning judgements is not an explanation supported by all, the 
relevance of working memory is consistent across most theoretical explanations. When 
earlier research indicating a negative relationship between restraint eating behaviour and 
working memory capacity is considered, the relevance of understanding how individuals are 
processing this information becomes clearer. In addition, regardless of the differences in 
theoretical explanation, based on the above it is sensible to assume that an individuals’ beliefs 
and prior experience is likely to be hugely influential when making causal reasoning 
judgments in the context of obesity. This is because nutritional information, exposure to food, 
exercise choices etc. are all factors that are highly familiar and variation in beliefs about the 
causes of obesity are likely to be influenced by individual differences in personal eating 
behaviours.  
 Dual process models provide a means to explain the processes involved in making 
causal conditional judgments as they allow for both belief and logical strategic methods 
(Markovits, Forgues, & Brunet, 2012; Verschueren et al., 2005).  Regardless of the field that 
the theory is being applied in, dual process models propose two types of cognitive process: 
Type I processes which are quick, automatic, have a high processing capacity and require 
little effort and Type II processes which in contrast are slow, controlled, effortful and have 
limited cognitive capacity. Table 2.2 replicates a summary of typical properties that have 
been associated with dual process theories of thinking (Evans, 2009).  
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Table 2.2 
Replication from Evans (2009) of Typical Properties Associated with Dual Process Theories 
of Thinking. 
Type I Type II 
Implicit Knowledge Explicit Knowledge 
Belief-based, pragmatic reasoning Logical reasoning 
Associative Rule-based 
Intuitive Reflective 
Unconscious/preconscious Conscious 
Automatic Controlled 
Fast, parallel 
Not linked with language 
Slow, sequential 
Linked with language 
Contextualised Abstract 
High capacity Low capacity 
Independent of working memory Depends on working memory 
Not correlated with intelligence Correlated with intelligence 
Evolutionarily old Evolutionarily recent 
Shared with animals Distinctively human 
 
When making causal reasoning judgments it is clear that people draw on both 
automatic and controlled processes. Arguably, it is the variation in which process is most 
dominant that explains the effectiveness, or logical accuracy in their reasoning. When trying 
to explain what processes occur, Fugelsang & Thompson (2003) proposed that first there is 
accessing of knowledge about the causal mechanism itself which has been shown to be drawn 
on intuitively, without conscious control and based on both familiarity and ease of 
imagination (Fugelsang, Thompson, & Dunbar, 2006). Second, it is suggested individuals 
access their knowledge about the extent to which the two factors in the relationship covary. In 
contrast, this knowledge has been shown to be accessed consciously, with participants aware 
of the extent they make use of this information. The research suggesting there are clear 
temporal differences in reasoning responses dependant on the ease likelihood, or 
counterexample, information can be accessed by the individual (Verschueren et al., 2005). 
This implies that when reasoning in an area participants feel familiar with, or have views 
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upon, they are drawing on beliefs, or heuristic information and respond more quickly. In 
circumstances where the causal relationship is less familiar, or unknown, the response is 
slower and indicates participants are drawing on comparative information, or working 
memory in order to make inferences. In addition it has been shown that belief bias increases 
when reasoning under time pressure, when there is more reliance on automatic processing, 
but decisions based on belief, or likelihood, can be overridden by counterexamples if 
sufficient time is given to participants to allow them to access the information (Evans et al., 
2009; Evans & Curtis-Holmes, 2005; Verschueren et al., 2005). In other words, automatic 
belief bias can be overcome if there is sufficient time for the controlled reasoning process to 
complete its course. Further, the initial automatic response to Type I, heuristic information 
has been shown to be overridden in response to specific instructions to adopt a logical 
approach or when there is conflict detected in the reasoning task solutions (Epstein, Lipson, 
Holstein, & Huh, 1992; Evans, 2007). So this would imply that there is significant flexibility 
and movement between the dual processes and again, indicates that the dominance of one 
pathway over the other can be manipulated.  
In the context of eating behaviour, the causal reasoning process is an example of the 
reasoning individuals undertake daily when they make decisions over the behaviour they 
carry out based on the knowledge and information they have about diet, food choice and body 
weight. In addition this could be the process used to justify behavioural choices we make that 
may go against longer term goals, for example, the reasoning process behind why I opt to eat 
that doughnut, which I know is fattening, when I am trying to lose weight!  If we understand 
how effectively individuals make reasoning judgements about causal relationships of food 
and weight, and whether reasoning processes can be translated in the same way to applied 
decisions as found with general reasoning performance, it provides one possible explanation 
to bridge the gap between education, levels of nutritional knowledge, and actual eating 
behaviour.  
Of course one aspect that may affect people’s reasoning performance is their eating 
behaviour traits. It has already been highlighted that increased levels of restraint eating 
behaviour could be anticipated as having a negative association with accurate, logical causal 
reasoning judgments (based on the evidence connecting restraint and impaired working 
memory performance). Individuals high in restraint may demonstrate a reduced working 
memory capacity which would show itself through less logical, controlled reasoning 
judgments. What is unclear, is whether this will be evident regardless of the type of causal 
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reasoning paradigm or whether it will only be present, or heightened, when undertaking 
obesity related reasoning tasks. The research presented earlier suggests that the reduction in 
cognitive performance could be anticipated regardless of task content, but there is also a 
possibility that the effect of restraint on cognitive performance will be limited to the obesity-
related tasks. This outcome may be expected if we consider the prior research that indicates 
that when making causal reasoning judgments people draw on prior experiences and beliefs 
to consider both alternative causes and disabling conditions of an outcome. Based on that 
theory, individuals high in eating behaviour traits may have stronger belief bias tendencies. 
For example, individuals higher in emotional eating, when drawing on their heuristic beliefs, 
are likely to exhibit quicker responses and be less willing to endorse causal mechanisms for 
obesity, in order to maintain their own cognitive dissonance. In other words, increased levels 
of emotional, external and restraint eating behaviour could be anticipated as associated with 
increased use of automatic processing, therefore resulting in less effective reasoning 
judgements and ultimately less healthy behavioural choices. If this is the case individuals 
would increasingly be using heuristic type I reasoning on which to base their decisions rather 
than controlled, type II reasoning.  
This cognitive process stream of research is therefore attempting to address the 
following three key research questions: Firstly, does causal reasoning performance differ 
depending on whether the task contains general or obesity related content. Second, is there a 
relationship between eating behaviour traits and causal reasoning performance, either in 
general or specifically when reasoning about behavioural causes of obesity? Third, is there 
evidence for the relationship between increased uses of type I processing and reduced causal 
reasoning performance when undertaking obesity related CCR tasks and does the influence of 
type I processing alter depending on the time individuals spend on their decision making? 
2.5. Distraction from food pictures 
 The second cognitive process the thesis will consider is the ability to inhibit 
distraction from food pictures. There are two elements that drive the focus on this particular 
cognitive process. First is the high level of exposure to food and food-related stimulation, e.g. 
adverts, pictures and smells, which people experience in the developed world. Second is the 
theory that certain individuals have a heightened motivational draw towards food and its 
related stimuli with the suggestion being that there is a relationship between obesity and an 
individuals’ response to food stimuli in the environment, in terms of sights, smells and 
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sounds (Brignell et al., 2009; Herman & Polivy, 2008; Hou et al., 2011). An individual’s 
response to food and food-related stimuli in the environment is seen as automatic, so in 
essence, it is suggested that certain individuals automatically are drawn towards food, and 
specifically motivated to consume food when exposed to it (Lowe & Butryn, 2007). In the 
event of individuals who are trying to minimise this automatic response, the controlled 
attempts at weight loss or weight maintenance are likely to conflict. The controlled 
suppression of the automatic response costs them energy leading to limited cognitive 
resources, in essence the depletion theory providing an explanation for dietary lapses. 
Recent UK based studies have proposed links between the extent individuals are 
exposed to food outlets in their environment and eating habits and weight gain (Burgoine, 
Forouhi, Griffin, Wareham, & Monsivais, 2014; Cetateanu & Jones, 2014). These findings 
mirror those indicating that the number of convenience stores, food outlets and proximity to 
supermarkets were positively related to increases in BMI (Grafova, 2008; Kruger, Greenberg, 
Murphy, DiFazio, & Youra, 2014; Li, Harmer, Cardinal, Bosworth, & Johnson-Shelton, 
2010). But, findings are not consistent. Some studies have shown no association between 
weight in children & adolescents and accessibility to convenience stores (Griffiths, Frearson, 
Taylor, Radley, & Cooke, 2014; Powell & Bao, 2009; Sturm & Datar, 2005). Further, 
alternative studies have indicated an inverse relationship between BMI and the number and 
density of food retailers ( Larsen, Cook, Stone, & Faulkner, 2015; Powell, Auld, Chaloupka, 
O’Malley, & Johnston, 2007). One possible explanation for the inconsistencies could be the 
difficulties in understanding the extent of exposure to food outlets due to the types of data 
used in each study (Lake, Burgoine, Stamp, & Grieve, 2012), but additionally this could be a 
further indication of the relevance of individual differences in responses to food-related 
stimulation in the environment, as opposed to a direct causal relationship across populations. 
One of the key aspects of obesity is the lack of simple solutions to the issue. By focusing on 
the number of food outlets, the wish is to find a neat connection which can then be influenced 
by legislative change, but what is increasingly apparent is that a number of other factors, such 
as social economic status, and arguably eating behaviour, can moderate these effects. 
Environmental influences on obesity can relate to all manner of environmental 
elements such as land use, transportation links, advertising, access to services as well as the 
physical environment (Handy, Boarnet, Ewing, & Killingsworth, 2002). A number of reviews 
do indicate that a significant factor connecting the environment and obesity is the level of 
access to convenience stores and food outlets, but other aspects, such as access to leisure 
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facilities or ease of walking in an environment, are significant too (Casey et al., 2014; Martin, 
Ogilvie, & Suhrcke, 2014). In essence, there are clear inconsistencies in findings between 
individual studies and variability depending on research method, but the overall strength of 
the association between obesity and the environment should not be underestimated (Martin et 
al., 2014).  
The alternative area of research examining food stimulus effects in obesity 
concentrates on food advertising, which is seen as a significant area of concern. Research has 
estimated that between one in seven, and up to one in three, children in the USA would not be 
obese if a ban on TV advertising of unhealthy foods was introduced (Veerman, Van Beeck, 
Barendregt, & Mackenbach, 2009), with US children exposed to an average of 15 food 
adverts per day (FTC, 2007). Studies have demonstrated a direct link between TV viewing 
and obesity (Hancox, Milne, & Poulton, 2004; Viner & Cole, 2005). Exposure to food 
advertising is related to increased levels of BMI even when factors such as SES, familial 
weight status, and physical activity levels are controlled for (Eisenmann, Bartee, Smith, 
Welk, & Fu, 2008; Epstein et al., 2008; Hancox & Poulton, 2006). The strength of the 
advertising influence is shown in an experimental manipulation where parental input had 
little effect on children’s behavioural food choices post-advertising exposure (Ferguson, 
Muñoz, & Medrano, 2012). Taken together, it is clear that children and adults are being 
exposed to multiple visual food cues on a daily basis and there is strong evidence to indicate 
this is contributing towards the increase in obesity. 
Attempts to explain the influence of food cues has often focused on the idea of food 
images having heightened salience for individuals, either in general or differentially, 
depending on eating behaviour type or weight status. Schachters’ externality theory proposed 
a higher uncontrollable response to external food stimuli and lack of attention to internal cues 
of hunger and satiety in the obese (Schachter, 1968; Schachter & Rodin, 1974). Subsequently 
there has been evidence for food cues triggering over eating behaviour (Fedoroff, Polivy, & 
Herman, 1997; Fedoroff, Polivy, & Herman, 2003; Rogers & Hill, 1989). The principle of the 
relevance of exposure to visual food stimuli and the temptation to eat has been largely 
established, with evidence that it is exposure to palatable foods that is key to individual over-
consumption, although often individuals hunger state mediates these effects (Castellanos et 
al., 2009; Kemps & Tiggemann, 2009). Note however that certain individuals’ who express a 
negative view of their own weight status, have been shown to exhibit counter intuitive 
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behaviour following exposure to food cues and instead reduce consumption (Ouwehand & 
Papies, 2010; Veenstra, de Jong, Koster, & Roefs, 2010; Werthmann et al., 2011). 
In relation to attempts to establish evidence of an attentional bias towards food 
stimuli, both methods and results are mixed. Two studies using the food-related Stroop task 
in conjunction with event-related potential (ERP) measures indicate that obese, compared to 
normal-weight participants, show a bias towards food related stimuli but the source of the 
processing difference was not consistent. One study indicating a group difference for the 
early, more automatic P200, but no significant difference for the P300 or in reaction times 
(RT) (Nijs, Franken, & Muris, 2010). In contrast, Bauer, Kaplan & Hesselbrock (2010) found 
a significant increase in P300 amplitude and in error rates with increased BMI (Bauer, 2010). 
It is inappropriate however to make a direct comparison between studies due to clear 
differences in the sample population (the Bauer study based in an adolescent population 
compared to Nijs’ study using obese and normal weight adult participants), and the additional 
influential factors, such as past parental history of externalising disorders, that was a focus of 
the Bauer et al. study. In addition, the use of the Stroop task has been recognised as having a 
limitation of being unable to identify whether the effect is symbolic of attention being 
directed towards, or away, from the food stimuli, and as a result the results are often open to 
interpretation (Deruiter & Brosschot, 1994; Dobson & Dozois, 2004).  
Studies adopting visual probe tasks present inconsistent evidence too. Some studies 
show no significant  increased group bias (Ahern, Field, Yokum, Bohon, & Stice, 2010; 
Veenstra et al., 2010), alternative studies propose a bias limited to specific groups such as 
external eaters (Nijs, Muris, Euser, & Franken, 2010; Pothos, Calitri, Tapper, Brunstrom, & 
Rogers, 2009; Shafran, Lee, Cooper, Palmer, & Fairburn, 2007), or only in relation to 
particular aspects of attention process (Kemps & Tiggemann, 2005, 2009; Nijs et al., 2010). 
A series of “odd-ball” based ERP studies was conducted by Babiloni and colleagues 
(Babiloni et al., 2009, 2009b.,2011). In an odd-ball task, a series of images are presented in a 
temporal sequence with occasional infrequent manipulation on a few images in order to 
measure differences in salience, or attention towards the “odd-ball” image. In this case the 
majority of the time participants were exposed to images of standard food portions, or normal 
faces, and then only occasionally shown an image of an enlarged face or enlarged portion of 
food. It was expected that all participants will respond to the odd-ball stimulus more strongly 
(enhanced P300), but individual differences in response can also be considered. Results from 
the studies indicated reduced attentional processing of the oddball stimuli (enlarged faces and 
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food portions), in over-weight and obese participants compared to normal weight 
participants. Interestingly, successful dieters showed heightened attentional processing in 
response to enlarged faces too. (Babiloni et al., 2009, 2009b.,2011). The findings presented 
imply that as weight is gained, attention to weight gain in others (indicated by enlarged faces) 
and towards larger food portion sizes reduces; it becomes less unusual and therefore it stops 
standing out when it is seen in a sequence of normal faces and food portions. But, in 
successful dieters the effect is reversed, with individuals having increased vigilance for 
enlarged faces/body size in particular. This would suggest that successful dieters are more 
attentive to changes in body size and therefore potentially may react more quickly to any 
weight gain they personally experience by re-adjusting their eating habits. 
 As for the oddball task, many studies opt to use the simple presentation of a single 
picture at a time as the means to determine attentional bias for food in comparison to neutral 
stimuli. A number of studies indicate the existence of a general response bias to food stimulus 
for all people, with hunger state mediating group differences between obese and normal 
weight participants ( Nijs, Muris, et al., 2010; Nijs et al., 2008; Stockburger, Hamm, Weike, 
& Schupp, 2008; Stockburger, Schmalzle, Flaisch, Bublatzky, & Schupp, 2009). These 
findings suggest that people all respond to food in a similar way, and that it is only when our 
hunger state changes, the influence of individual differences in eating behaviour becomes 
apparent. But, in contrast to the studies cited above, both behavioural and fMRI studies have 
provided evidence of greater visual attention and reward-system activation in obese groups in 
response to food pictures independent of hunger state. This suggest that with weight gain, a 
definite change in processing to food stimuli occurs (Castellanos et al., 2009; Stoeckel et al., 
2008). This change is likely to be linked to an enhanced responsiveness to food in obese 
people. Following on from this research, an open research question is whether this enhanced 
response is already present in people with specific eating behaviours before they become 
obese and, hence, if these people might have a greater risk of becoming obese in the future. 
In line with the above comments, a study using normal-weight participants found only 
participants high in external eating behaviour demonstrated enhanced attentional processing 
of food related pictures, as indicated by differences in P300 – a recognised marker of 
motivational salience (Nijs, Franken, & Muris, 2009). In addition, there is some evidence of 
unsuccessful dieters adopting an immediate attentional avoidance strategy for high-fat foods, 
which is interpreted by the authors as being counter-productive as it minimises habituation 
and therefore individuals’ ability to control cognitive response to exposure (Veenstra et al., 
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2010). A difficulty with all of these studies is that even if there is evidence presented for an 
attentional bias towards food stimuli, or indeed evidence of avoidance or reduced information 
processing of food stimuli, these methods do not aid with translation to the more day to day 
experiences of food in the environment. When considering events or situations that are likely 
to trigger less healthy behavioural choices, individuals experience exposure to multiple food 
related stimuli simultaneously, for example in places such as supermarkets or restaurants, or 
even with advertising. Therefore, in an attempt to move the research forward, we aim to 
understand how the processing of multiple food pictures simultaneously may differ between 
individuals. This is one focus of this thesis and the method that was chosen to do this research 
will be described in more detail below.  
Although there is evidence to support the hypothesis that for certain individuals 
(either on grounds of weight or eating behaviour) there are clear individual differences in 
cognitive response when exposed to food and food-related stimuli. It is also clear that there 
are methodological weaknesses with the evidence available to date. There is a need to adopt 
more robust means to assess food picture processing per se, and evaluate conflicts when 
different foods, or food pictures, are presented at the same time. A modified version of the 
Eriksen Flanker task (Eriksen & Eriksen, 1974) has been chosen as the method to examine 
these cognitive processes because not only does it take the investigation of individual 
differences in response to food images to the next level, by replicating the principle of 
multiple stimulus exposure, it enables a clear examination of food choice in situations of 
conflict.  
The principle of the flanker task is that participants are required to respond to a 
central target stimulus and ignore distraction from flanking stimuli. The traditional flanker 
task uses arrow or letter stimuli in order to create trials of differing degrees of conflict. The 
congruent trial (C) does not contain conflicting information for participants as both target and 
flanking stimuli presented are the same and thus require the same response from the 
participant. An intermediate level of conflict can be created using incongruent stimulus trials 
(ICS). This can be achieved when there is more than one stimulus that is associated with the 
same behavioural response, for example in a 4 stimuli x 2 response paradigm. Participants 
experience more conflict because they are presented with visually different target and flanker 
stimuli, but both stimuli are associated with the same response. Hence the conflict is 
moderate. The degree of conflict is enhanced further in incongruent response trials (ICR). 
Here participants are presented with target and flanker stimuli that are visually different and 
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are related to different response choices. For example, the flanking stimuli may trigger a 
response from the left hand and the target stimuli requiring a response from the right hand. 
Expectation is that participant responses slow and the number of errors increase, as the level 
of conflict increases. Figure 2.1 provides an example of a congruent and incongruent 
response trial type based on traditional arrow flanker stimuli. 
   
 
Figure 2.1 Example of congruent and incongruent response trials where a left and right 
response key is indicated to participants by the central target arrow. 
 
As the level of cognitive conflict being experienced varies from trial to trial this is mirrored in 
the behavioural responses. Participants have been shown to respond fastest and with most 
accuracy in the C condition, slower in the ICS condition and demonstrate the slowest reaction 
times with the highest error rates in the ICR condition (Zhang, Zhang, & Kornblum, 1999). 
When participants respond quickest it is proposed that they are responding automatically to the 
incoming visual stimulus, and indeed with congruent trials any automatic response would be 
correct as the stimulus is all indicating the same response direction. The traditional flanker 
effect (FE) itself is the difference in reaction times and error rates between ICR trials and the 
C trials, with the greater cognitive conflict signified by larger FE’s (Eriksen & Schultz, 1979). 
In Chapters 7 and 8 this flanker effect will be called FE-ICR as a smaller flanker effect (FE-
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ICS) can be found for the difference between ICS and C trials (because only a smaller stimulus 
conflict occurs). 
Dual process models, as already indicated, are used as the basis of explanation for the 
cognitive processes being observed with the flanker task (see Figure 2.2). The automatic and 
controlled cognitive processes operate in parallel, processing complex stimulus input in order 
to determine the appropriate response (Ridderinkhof, van der Molen, & Bashore, 1995; 
Sanders & Lamers, 2002). The fast, automatic route acts as a priming mechanism processing 
both target and flanker simultaneously. The more controlled processing route maps the 
stimulus-response (S-R) to the target stimulus to determine the correct response. With 
congruent trials the stimulus primes the same response option via both processing routes and 
therefore reaction time is quickest and there is minimal likelihood of errors. For the 
incongruent response trials, the automatic priming route can conflict with the more controlled 
response mapping route. The resolution of this conflict requires a slowing in response time 
and is related to increased likelihood of errors (Ridderinkhof et al., 1995).  
 
 
Figure 2.2 Replication of Ridderinkhofs (1995) dual-process model where F represents 
flanker stimulus and T represents target stimulus. 
 
Where response conflict occurs, the automatic priming route is inhibited by top-down 
cognitive control (Friedman & Miyake, 2004; Ridderinkhof, 2002). More specifically, the 
model suggests that following a congruent trial, where there has been no conflict 
experienced, the automatic processing response is active and dominant. However, if the 
subsequent trial is an ICS or ICR trial, the FE is likely to be enhanced as the automatic 
response to the flanking visual stimuli may trigger the wrong response reaction in 
participants. This will only be apparent via the controlled processing response, which in turn 
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takes longer to complete as it runs parallel with the automatic response sharing cognitive 
resources. It then follows that having experienced a conflict trial, the cognitive processing 
strategy adapts so that the automatic pathway is inhibited which allows more cognitive 
resource to be focused on the controlled processing of the stimulus. This change in activation 
thereby reducing errors and reducing the likelihood that the automatic and controlled 
pathways stimulate conflicting responses – thereby reducing the flanker effect.    
Taking this one step further, individual differences in ability to inhibit distraction 
from flanking stimulus might occur, which can be measured as the FE size itself, but also in 
the modulation of the FE size caused by conflict adaptation after conflict trials compared to 
no conflict trials. This modulation is an indication of differences in top-down cognitive 
control. This difference in cognitive control could provide a partial explanation for 
behavioural differences in eating behaviour.  Individuals with heightened motivational draw 
or attentional bias towards food, may have a reduced capacity to inhibit distraction from food 
pictures or food per se.   
Much research using the flanker task has focused on theoretical aspects of explaining 
the cognitive processes engaged with conflict, but its use in a more applied manner has 
started to develop. In particular support for the use of the Flanker can be seen in research 
being undertaken in the area of addiction (Franken, van Strien, Franzek, & van de Wetering, 
2007; Luijten, van Meel, & Franken, 2011; Sokhadze, Stewart, Hollifield, & Tasman, 2008). 
There have also been two known published attempts to use the flanker in conjunction with 
food pictures (Forestell, Lau, Gyurovski, Dickter, & Haque, 2012; Meule, Vogele, & Kubler, 
2012). The Forestell et al (2012) study found that when satiated both restrained and 
unrestrained eaters were slower to respond to high calorie target trials than low calorie target 
trials. They also found that under conditions of hunger all participants demonstrated a general 
increased distraction by high calorie food pictures, but restrained eaters only showed the 
interference by high calorie foods when they were flanking low calorie targets. However, 
there are a number of possible criticisms of this study. Firstly, the study did not have any 
congruent trials, i.e. in every trial the flanking stimuli and target stimuli differ, so the baseline 
they use for their analysis is an ICS trial – which already requires the automatic processing 
response to be inhibited to a certain degree because of the need to process more complex 
visual stimuli. Secondly, the method of analysis undertaken by the authors does not reflect 
what is normally undertaken in order to assess conflict using this task. As a result their 
conclusions are based on overall response (mean reaction times) to the target food images as 
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opposed to differences in ability to inhibit distraction by food, the conflict. They interpret the 
slower reaction times as indicative of greater distraction by flankers, or attentional avoidance, 
but their analysis and experimental design does not establish this. Finally, the participants 
were being asked to respond based on whether they would consume the target food for 
breakfast. This creates a significant potential confound in their results. Not only does it 
require participants to engage in an additional cognitive process, as opposed to a more typical 
categorical response, it may also trigger an additional conflict between what participants 
think should be consumed for breakfast, and what they would consume for breakfast. In 
essence, it is very difficult to determine which specific process their results are actually 
representing.  
In contrast to the Forestell study, Meule, Vogele & Kubler (2012) found restrained 
eaters had quicker reaction times to high calorie foods, as compared to neutral pictures, in 
comparison to unrestrained eaters (whose reactions times did not differ between categories). 
The authors proposed this also illustrated an attentional bias. Interestingly, they found the 
strength of the difference in response time was related to previous failure in weight-loss. But 
again there are methodological problems, not least that it appears the task itself did not 
actually work as standard flanker effects were not present. This may be due to the length of 
time that the flanking and target stimulus were displayed, which may have resulted in 
participants not being pressured to respond quickly thereby minimising any likely conflict 
between automatic and controlled response processes. This is not to deny that the findings are 
of interest, as they are still indicating the possibility of an attentional bias towards food 
stimuli, but it does not address the question of how individual differences might modulate 
ability to inhibit distraction from food pictures.  
If the eating behaviour traits themselves are considered, both increased levels of 
external and emotional eating behaviour could be anticipated as effecting an individual’s 
ability to inhibit food distraction. Clearly the principle of external eating is the association 
with an increased hedonic response, or motivational drive towards food and related stimulus, 
therefore you would expect individuals high in external eating to be more distracted by the 
flanking stimuli in the task as they are drawn to the multiple food images. Similarly, 
emotional eaters could be anticipated as showing a slower response to food pictures 
indicating possible negative associations to food or increased emotional salience of the 
stimuli. This assumes that in both cases, high external and high emotional eaters are likely to 
be more responsive to their automatic processing response to the food pictures. In relation to 
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restraint eating behaviour, the interpretation of the earlier studies has to be considered with 
caution and not just because their results contradict each other. In relation to earlier research 
presenting a reduction in cognitive performance and executive function associated with 
restraint, this could be seen in less effective cognitive adaption or application of cognitive 
control. However, the flanker task response occurs over a very short timeframe, therefore 
restraint eating behaviour may not have a significant influence on this particular cognitive 
process at all. 
In summary, this second stream of research will address the following three key 
research questions: Firstly, is there a relationship between eating behaviour trait and ability to 
inhibit distraction from food pictures. Second, is the level of distraction experienced 
influenced by factors such as palatability, or personal food preference? And finally, is there 
evidence for the influence of individual differences in eating behaviour traits on differences 
in the modulation of FE sizes (and hence of the automatic route processing) by cognitive 
control. 
2.6. Dual-process models in health 
 The idea of dual-process models are not new to health psychology. Metcalfe and 
Mischel (1999) proposed a hot/cool dual system to explain the processes that enable, or 
undermine, self-control and willpower (Metcalfe & Mischel, 1999). With suggestions that the 
hot, emotional process dominates at times of cognitive load or fatigue (Parent, Ward, & 
Mann, 2007; Ward & Mann, 2000). The reflective/impulsive model of behaviour proposes a 
dual system model underlying all human behaviour, where the processes work 
simultaneously and compete for control over overt responses (Hofmann, Friese, & Strack, 
2009; Hofmann, Friese, & Wiers, 2008; Strack & Deutsch, 2004). The goal conflict model of 
eating suggests that it is the conflict between automatic goals of eating enjoyment and 
controlled goals of behaviour change that explain rises in obesity and failures in weight-loss 
maintenance (Stroebe et al., 2013; Stroebe, 2008). The dual-process models have arisen 
against a backdrop of a need to move away from theoretical models that are stuck 
concentrating on conscious, reflective practices as a means to predict behaviour (Gollwitzer 
& Sheeran, 2006; Sheeran, Gollwitzer, & Bargh, 2013). 
The dominant model in the UK, the theory of planned behaviour (Ajzen, 1991) has 
contributed towards explaining 27% to 39% of the variance in behaviour and intention 
respectively (Armitage & Conner, 2001), although a more recent review indicates the 
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explanation of health behaviour explained is on average much lower at just 19% (McEachan, 
Conner, Taylor, & Lawton, 2011). But increasingly there are questions over its ongoing 
position at the centre of health behaviour research with clear evidence that factors not 
addressed in the model contribute towards our understanding (Mullan et al., 2011; Presseau, 
Francis, Campbell, & Sniehotta, 2011; Sniehotta et al., 2005). The criticisms raised against 
the theory of planned behaviour have not gone unchallenged, (Ajzen, 2014) and there should 
be recognition of its role in contributing towards theoretical understanding and development, 
however, the need to move towards investigations that allow more comprehensive 
investigations of human behaviour is clear (Ogden, 2003; Orbell & Kyriakaki, 2008; Sheeran 
et al., 2013; Sniehotta et al., 2014). The benefit of dual-process models is that they propose a 
framework on which to undertake experimental investigations to attempt to determine 
whether additional explanations for behaviour can be found through automatic processes, and 
they can operate as a means for extending existing theoretical frameworks. 
However, there is a potential difficulty with the recent rise of dual-process models. 
Although the models and theoretical explanations offered have significant similarities, there 
is a fundamental difference in the application of the term automaticity. If we consider the two 
cognitive models proposed for explaining inhibition of distracting stimuli and reasoning 
processes, we can see how the explanations of automatic and controlled processing differ 
significantly. The timeframe for both the automatic and the controlled cognitive processing 
systems of Ridderinkhofs’ perceptual processing model would be viewed as automatic under 
criteria applied by the dual-process reasoning model. For example, with a flanker task both 
the automatic and controlled processes are complete when the behavioural response is made, 
normal mean reaction times in a flanker task can be around 380-420ms (Ridderinkhof et al., 
1995). If this is compared to causal reasoning paradigms, Evans, Handley & Bacon (2009) 
propose to manipulate the cognitive processes so that the automatic pathway drives inference 
judgements using an available response timeframe of 5 seconds. This difference in process 
timeframe is extended still further when the theoretical models and research within the health 
psychology sphere is included. The controlled process referred to within health psychology is 
often the over-arching behaviour goal, be that weight-loss, or goal-directed behaviours of 
professionals, such as the provision of physical activity advice in primary care (Presseau et 
al., 2011; Stroebe, Mensink, Aarts, Schut, & Kruglanski, 2008). The automatic process in this 
context is presented as either automatic drives, such as hedonic wanting, that may conflict 
with the primary health goal, or the habitual behaviours or perceptions that facilitate or 
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present barriers to behaviour. What needs to be understood across the various disciplines that 
apply dual-process models is the necessity to understand that automaticity can mean rather 
different things depending on the theoretical model and the time frame being applied. This in 
turn depends on the cognitive process or behaviour being investigated and the influences on 
these processes. Perhaps to date in health psychology, the view of automatic or controlled 
processes has been applied too simplistically.   
Health psychology research needs to continue to strive to develop a multidisciplinary 
understanding and approach to investigation if it wants to move explanations of behaviour 
forward, and develop more effective intervention methods. At present it often does not 
acknowledge many processes that influence individual behaviour choices and responses. It is 
important to know what we are looking at in human behaviour processes, and how we define 
it, if we are to design and test effective interventions. The complexity of human 
understanding and behaviour is not something that is currently being fully addressed by the 
behaviour change models and research directions that currently dominate. The difficulty for 
health psychology in a lack of understanding of progress in cognitive and neuroscience fields, 
is that we risk reducing the relevance of health psychology’s contribution and reduce the 
likelihood of progression in effective behaviour change theory development. 
2.7. Conclusion 
 Considering the evidence that has been presented, the primary research question that 
underpins the thesis is whether there is any evidence for a relationship between eating 
behaviour traits and cognitive processing of causal reasoning about obesity and the 
distraction from food pictures (attentional bias). In addition the thesis will provide support for 
the use of dual-process models in understanding human behaviour and of the need for 
recognition of the continuum of automaticity and controlled processing as opposed to the 
application of abstract categorisations. Within each stream of research there are a number of 
research questions that will be investigated: Chapters 3 & 4 report two online experiments 
looking at whether causal reasoning performance differs for obesity causal reasoning tasks in 
comparison to general causal reasoning tasks and whether eating behaviour trait is influential 
to this relationship. Questions over the influence of differences in participants’ causal model 
of obesity and food knowledge are considered. The results from this will be developed further 
in Chapter 5 through a partial replication of Evans reasoning under time pressure experiment 
(Evans et al., 2009). This will be presented in order to examine whether obesity reasoning 
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performance worsens when individuals are more reliant on automatic processing and 
individual beliefs become increasingly prominent. In Chapter 6, the first of the flanker task 
studies examining the distraction from food pictures will consider whether there is variation 
in distraction based on eating behaviour and food type, with comparisons between food 
groups based on level of fat and sugar content. Chapter 7 uses the flanker task to investigate 
the relationship between individual eating behaviour traits and cognitive control modulation 
differences. Further the study considers whether effects seen are indicative of a general 
processing bias, or one that is specific to food by introducing a non-food condition. Finally, 
the flanker study in Chapter 8 further examines the evidence for a specific distraction bias 
caused by food, in comparison to non-food, by adopting a cross category design. The general 
discussion presented in Chapter 9 will consolidate the findings from the thesis as a whole and 
allow for a presentation of final conclusions in relation to both theoretical and 
methodological aspects.  
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Chapter 3: Investigation of Individual Differences in Causal Conditional 
Reasoning and the Relationship with Mood and Eating Behaviour Traits. 
3.1 Introduction 
One of the ways that policy makers have attempted to address the issue of rising 
obesity levels and unhealthy eating over recent years is to undertake educational 
interventions. The aim of interventions being to use healthy eating information as a means to 
improve individual’s eating habits by improving their knowledge. It is not clear however 
whether there is a clear link between level of nutritional knowledge and obesity, indeed 
research has indicated that the connection between knowledge and behaviour is inconsistent 
and not related to weight-loss success (Burns, Richman & Caterson, 1987; Kolodinsky et al., 
2007; Winston et al., 2014). Further there is little, if any, research over whether even with 
effective knowledge about health eating and behavioural causes of obesity, individuals 
actually make effective causal conditional reasoning (CCR) judgements about the cause and 
effect of their own eating, and exercise, behaviour. 
In simple terms weight gain is a result of individuals consuming more calories than 
they are using. Although significant amounts of weight variance in populations can be 
explained through genetic predisposition (Wardle & Carnell, 2009), it is also the case that the 
calorie imbalance can result from environmental, behavioural and psychological factors. For 
example, genes are thought to affect the amounts and types of food that we prefer to eat, with 
the environment affecting the amounts and types of food that are available to eat. Past 
research has indicated that differences in individuals’ models of the causes of obesity do 
influence their behaviour (McFerran & Mukhopadhyay, 2013). Research has indicated that 
where individuals believe more in a biological model of obesity, as opposed to a behavioural 
or psychological model of obesity, they are more reliant on external methods such as 
medication, to solve weight issues and less able to maintain weight loss (Ogden, 2000; Ogden 
et al.,2001.). In contrast, GP’s have been shown to demonstrate a belief that obesity does not 
have a place within the medical arena, laying the blame to a large extent with the individual   
( Ogden et al., 2001). Research does indicate however the story is complex. Lay individuals 
showing a much greater range of models than GP’s, and those that have detailed knowledge 
and experience of obesity, whether health professionals, slimming professionals or dieters, 
appear to hold similar models of obesity by identifying lifestyle and psychological causes as 
most relevant (McConnon, Gribble, Raats, Stubbs, & Shepherd, 2013; Ogden & Flanagan, 
2008). However, active dieters did still rate medical factors as a significantly greater cause of 
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obesity than other groups. The findings indicate those “expert” in obesity, either personally or 
professionally don’t lack the knowledge about the causes of obesity (Ogden & Flanagan, 
2008; McConnon et al., 2013). This does raise the question that if individuals are aware of 
the causes of obesity, is their causal reasoning (when applied to their own behaviour) 
somewhat skewed?  
The research will adopt a traditional CCR method to investigate reasoning ability. 
During the experimental task, participants will be presented with a causal relationship rule 
which they will be instructed to accept as a fact, for example, “IF it is a dog, then it is a 
mammal”. They will then undertake a series of logical reasoning tasks where they are 
required to consider whether a conclusion they are given can logically be drawn from a 
premise when asked to assume the truth of the original causal rule. For example, if presented 
with the information “It is a mammal”, is it logical to reason therefore that “It is a dog”? In 
this case the answer would be no, because if you are making effective causal judgments you 
should reason that when presented with the information “It is a mammal”, the animal in 
question could be multiple different options, a dog being just one of them. In reality however 
few people make logical reasoning judgments every time as prior experience, or familiarity, 
interferes with the more controlled reasoning process. As a result in this case, some people 
may accept the conclusion because they know that dogs are mammals, and therefore they 
respond automatically, rather than in a logical, controlled manner. For each of the logical 
formats both the premise and the conclusion participants are presented with will reflect the 
original causal rule. The task is designed to test how logical an individuals’ reasoning 
processes are by manipulating the causal relationship itself, differences in ability to undertake 
accurate causal reasoning judgements an indication of the dominance of the automatic or 
controlled pathway in the process. In other words, a greater ability to undertake effective 
causal reasoning indicating a stronger influence of controlled cognitive processes.  
 This study will investigate whether there are differences in how people reason when 
making judgements about general causal relationships, and when they are making judgments 
about obesity causal relationships. There are indications in research that differences in 
participant reasoning performance are likely between the general and the obesity tasks when 
you consider the question of familiarity.  Research to date has focused primarily on general 
causal conditional reasoning (CCR), and as discussed in the literature review, a lot of the 
explanations about CCR performance, such as belief and alternative causes, are largely in the 
context of quite neutral scenarios. This research is an attempt to move into more applied 
40 
 
causal conditional reasoning by using causal conditional rules based on known causes of 
obesity. This is particular relevant when you consider the range of beliefs people have about 
causes of obesity, and that food and exercise behaviour is something that is familiar to all 
people, but differs in terms of experience and understanding from individual to individual. As 
highlighted above not only are different types of obesity causes endorsed, there is huge 
disparity in the causal model depending on whether individuals are health professionals, 
obesity specialists or overweight individuals (McConnon et al., 2013; Ogden & Flanagan, 
2008). We further suggest that all individuals will differ in their experience of the 
relationship between obesity causes and their own weight status. Based on the past causal 
reasoning research this difference in experience should be seen in their reasoning 
performance as it is familiarity and past experience that informs a person’s heuristic beliefs 
and therefore their causal reasoning judgement (Cummins et al., 1991; Cummins, 1995). In 
addition to investigating whether there is any initial difference in individual reasoning 
performance based on the task content, we are also interested in whether there are 
relationships between peoples reasoning performance and factors such as eating behaviour, 
impulsivity or mood.  
 As I have previously established, eating behaviour trait has consistently been seen as 
related to obesity (Finlayson et al., 2012; Ganley, 1989; Vanstrien, Frijters, Bergers, & 
Defares, 1986), but it is not clear whether eating behaviour will affect the cognitive processes 
involved in causal conditional reasoning. Based on dual process models of causal conditional 
reasoning (Evans, 2009; Fugelsang & Thompson, 2003), it is anticipated that bias may be 
introduced to an individuals’ reasoning performance by their prior beliefs or heuristics. This 
would then be seen in the context of the obesity causal reasoning judgements - where 
individuals’ automatic responses, and past behaviour, bias their effective, controlled, 
reasoning judgment. In other words I anticipate the influence of prior experience, and belief 
to be greater for the obesity related causal tasks. I established in the literature review that 
although there is no known research looking at emotional or external eating behaviour and 
cognitive processes, there are a number of studies indicating a possible detrimental influence 
of restraint. Specifically there are indications of a reduction in working memory capacity 
(Brunstrom, Davison, & Mitchell, 2005; Green, Elliman, & Rogers, 1997; Green & Rogers, 
1998). This is particularly relevant in the context of causal conditional reasoning as it 
requires individuals to draw on their working memory both in terms of prior knowledge, but 
also in relation to retention of the premise or causal relationship and the act of undertaking 
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rule-based reasoning judgments. However, as already stated I also anticipate the differences 
in individuals’ automatic responses, where their prior beliefs will be influential. Where 
individuals have strong beliefs, this is likely to dominate over any causal reasoning rule, and 
therefore where belief and automatic processing is evident, this would be seen in less logical 
behaviour and less accurate causal reasoning judgement. 
Impulsivity as a personality trait has previously been correlated with obesity and 
unhealthy eating behaviour, particularly in children. Although I am primarily interested in the 
relationship between eating behaviour traits and cognitive processing, the connection in the 
literature between impulsivity and eating behaviour in children stimulates an interest to 
investigate throughout this thesis whether this trait is correlated with measures linked to 
obesity, such as BMI or eating behaviour trait, in an adult population. In addition, and 
specifically for the reasoning task, I am interested to investigate whether an increased 
tendency to use the automatic, type 1 processing route, that should be apparent with 
individuals who have increased levels of impulsivity, will translate into their causal 
conditional reasoning performance. Individuals high in impulsivity are seen as responding 
quickly, without control and therefore would be expected to demonstrate less effective causal 
conditional reasoning due to being unable to suppress their beliefs and automatic responses. 
So although this is not a primary focus within the thesis it is a particular trait that may 
influence outcomes and therefore needs to be considered. However, what is clear from the 
literature is that there are numerous means to measure impulsivity and numerous definitions 
of what impulsivity is. The decision was made to include two measures of impulsivity. One 
designed to measure the behavioural concept of impulsivity and that has widespread use in 
research and clinical settings, the Barratt’s Impulsiveness Scale (BIS-11) (Stanford et al., 
2009). The BIS-11 is arguably the most commonly used impulsivity assessment tool in a 
clinical setting and proposes to capture cognitive impulsivity – namely the tendency to 
undertake quick decision making. The alternative, arguably a measure of the cognitive 
regulation processes of impulsivity that is reflective of individual differences in peoples 
activation of their approach or avoidance systems that is proposed to underpin motivational 
behaviour, the behavioural inhibition behavioural activation scale (BIS/BAS) (Carver & 
White, 1994).  
Finally, there are a number of studies that indicate that mood effects cognitive 
performance. The evidence indicates negative affect is associated with reduced cognitive 
control and general reduction in cognitive performance (Bj⊘rnebekk, 2008; Melcher, Born, 
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& Gruber, 2011; Wilson, Sayette, & Fiez, 2014). Positive affect has also been associated with 
detrimental cognitive effects, although evidence is more mixed with indications that positive 
affect is related to adoption of more global cognition strategies which potentially decrease 
cognitive performance, particularly where there is an absence of performance motivation 
(Fröber & Dreisbach, 2014; Oaksford, M., Morris, F., Grainger, B., & Williams, 1996; 
Phillips, Bull, Adams, & Fraser, 2002). Clearly the relationship between emotion and eating 
behaviour is long established (Ganley, 1989). Increased levels of negative affect is seen as a 
key indicator of disinhibition in populations of non-eating disordered obese (Jansen, 
Havermans, Nederkoorn, & Roefs, 2008; Jansen, Vanreyten, et al., 2008). Although 
emotional eating is often associated more with negative affect, there are indications that both 
positive and negative affect can lead to increased food consumption, depending on variations 
in other eating behaviour traits (Yeomans & Coughlan, 2009).  Therefore it is appropriate to 
consider this influence in the context of the reasoning task and throughout the subsequent 
studies. Any general mood affects should be evident across the reasoning task regardless of 
the content of the items. 
3.1.1 Hypotheses 
Based on the above, I hypothesise that: 
1. The will be a difference in participant response to causal conditional reasoning tasks that 
follows typical pattern of errors in response to the four logical reasoning formats. 
2. There will be a difference in participants’ causal conditional reasoning performance in the 
obesity and general causal reasoning tasks with participants less willing to endorse obesity 
causal relationships, regardless of reasoning format. 
3. Individuals’ mood will affect their ability to make logical causal conditional reasoning 
judgements. 
4. Factors including eating behaviour and impulsivity will influence individuals’ ability to 
make logical causal conditional reasoning judgements, in particular we anticipate restraint 
eating behaviour will be negatively associated with CCR reasoning ability. 
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3.2. Method 
Participants 
A statistical power analysis was performed for sample size estimation. Based on an 
alpha = .05, medium effect size of .3 and power = 0.80, the projected sample size needed for 
correlation analysis was 64. For the causal reasoning part of the task, where repeated 
measures ANOVA analysis would be required, the a priori calculation based on an alpha = 
.05, large effect size of .14 and power = 0.80, the projected sample size was 71 (Faul, 
Erdfelder, Lang, & Buchner, 2007). The study recruited 180 participants from a university 
research site and social networking forum. Basic demographic information of gender, age, 
height and weight were requested. Participants were predominantly undergraduate students 
but the use of social networking sites opened up participation to a wider audience. Two 
participants were excluded as significant outliers (categorised as having z-scores exceeding 
+/- 3.29) on BMI (54.3 & 56), with a further two participants excluded as significant age 
outliers which resulted in 176 participants being subject to analysis. The age range of 
participants was 17 to 57 years (mean 24yrs ± 9.2) with 84% of participants being female and 
16% male. The participants mean BMI fell within the normal category weight range at 23.1 
±4.6. Over half (55%) of the participants reported regularly exercising for at least 1 hour per 
week (mean 5 hours ±3.1). Participants reported an average alcohol consumption of 6 units of 
alcohol per week (range 0-37 units). Some 17% of participants stated they were actively 
dieting with a combined total of 26% of participants reporting participation in a diet in the six 
months preceding the study. Eligible undergraduates could claim 1 lab token for the internal 
undergraduate research participation scheme, but no further reimbursement was offered for 
participation. Ethical approval was obtained from the University Ethics Committee. 
Measures 
Participants reported basic demographic information about age, gender, height, 
weight, diet status & history, exercise participation, smoking behaviour & alcohol 
consumption. In addition the following questionnaire measures were adopted for the study: 
 The Positive Affect Negative Affect Schedule (PANAS) (Watson, Clark, & Tellegen, 
1988) was used to assess mood. PANAS is a 20 item measure where participants consider the 
extent they have felt a number of emotions and feelings with response options ranging from 1 
“very slightly/not at all” to 5 “extremely”. Examples of emotions used in the scale include 
interested, upset, enthusiastic and nervous. The measure comes with the provision of large-
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scale normative data for comparison and it is appropriate to use against various time 
parameters so as to ascertain mood in different context or time-frames. In this study 
participants were asked to examine the extent they had felt an emotion or feeling in the 
preceding few weeks in order to obtain a trait response. A high score on the scale is indicative 
of experiencing high levels of either positive, or negative, affect. 171 participants provided 
full responses. The Cronbach’s alpha for positive affect was high at .87 with an inter-item 
correlation mean of .411. For negative affect, scale reliability was also good, α = .84 with a 
mean inter-item correlation of .330. The overall Cronbach’s alpha for the PANAS measure 
was positive at .74 but the slightly lower score further supports the measures proposed 
structure and the necessity to look at individual variation in affect as two separate traits; 
positive or negative affect (as opposed to a considering affect as operating on a continuum). 
171 participants provided complete data for this measure. 
 Two measures were used to gauge levels of impulsivity; the Barratt Impulsivity Scale, 
and the Behavioural Inhibition System Behavioural Approach System (BIS/BAS). The 
measures slightly differ in focus with the former a more typical personality trait measure and 
the BIS/BAS arguably having a wider relationship to behavioural response.   
 The Barratt Impulsivity Scale (Patton, Stanford, & Barratt, 1995) is a 30 item scale 
designed to measure impulsive personality traits. Participants report the extent they think 
and/or act in a certain way in a given situation with response options ranging from 1, 
“rarely/never” to 4, “almost always/always”. A high score correlates with increased 
impulsivity tendencies. 170 participants responded in full. Within the population the scale 
reliability was good, α = .80, although inter-item correlations ranged from -.291 to .617 to 
create an overall mean of .120 indicating a number of factors within the measure. The 
measure is designed to produce an overall impulsivity trait score, but it has also been 
suggested it can define six first-order factors (attention, motor, self-control, cognitive 
complexity, perseverance, and cognitive instability impulsiveness) and three second-order 
factors (attentional, motor, and non-planning impulsiveness). For the purposes of this study 
however, only the overall total impulsive personality score is used. The proposal of such a 
complexity of factors underpinning this measure could explain the variation in inter-item 
correlations but the lack of linear relationship makes exploratory factor analysis 
inappropriate. Any interpretation of results based on this measure will be done with caution 
due to the likelihood of multiple facets of impulsivity being highlighted and the complexity 
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and possible issues over factor structure which has been previously recognised (Stanford et 
al., 2009). 
 The Behavioural Inhibition System & Behavioural Approach System (BIS/BAS) 
(Carver & White, 1994) is a  24 item measure based on the theory of two general 
motivational systems influencing behaviour.  Participants are given a series of statements and 
asked to indicate the extent they agree with the sentiment of the statement, ranging from 1 
“very false for me” to 4 “very true for me”. The behavioural approach system is proposed to 
regulate appetitive motives in which the goal is to move towards something desired, whereas 
the behavioural inhibition system is said to regulate aversive moves, where the goal is to 
move away from something unpleasant. BIS/BAS intends to measure individual differences 
in sensitivity of these systems. Past research suggests it is not appropriate to produce one 
overall BAS score therefore three factors of Drive, Fun-seeking and Reward Responsiveness 
are adopted. High scores indicate increased tendencies for that behaviour trait. 170 
participants responded fully to this section. The Cronbach’s alpha for each trait proposed by 
the measure were adequate BIS α =.76 and BAS α = .74. When the individual BAS factors 
were considered there are some questions over reliability within this sample for both fun-
seeking and reward responsiveness BAS Drive α = .77; BAS Fun-seeking α =.66; BAS 
Reward Responsiveness α = .57.  
In order to determine if the measure is applicable within this sample a subsequent 
exploratory factor analysis of the BAS items using principal axis factoring (oblique rotation) 
was undertaken. A possible four factor solution was produced however, when considering the 
pattern matrix as shown in table 3.1, the first three factors appear to map on in the same 
pattern suggested by the original authors. The exception is in relation to BAS Reward 
Responsiveness where two items correlations are less than .4 which may explain the lower 
reliability scores for this trait in particular. This is not dissimilar to the pattern seen in 
previous research validating the factor structure (Jorm et al., 1998). The fourth proposed 
factor in the EFA has only 1 strong item loading and has marginal Eigen value of 1.05 and 
therefore does not appear to be an independent factor. 
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Table 3.1  
Pattern Matrix from Exploratory Factor Analysis on BAS Items  
Items Factor 1 Factor 2 Factor 3 Factor 4 
BAS 3 
BAS 4 
.701 
.057 
.013 
-.002 
.001 
.366 
-.034 
.332 
BAS 5 -.094 .534 .145 .145 
BAS 7 .117 .109 .439 -.066 
BAS 9 .870 -.112 .038 .086 
BAS 10 
BAS 12 
-.023 
.531 
.671 
-.015 
-.155 
.227 
-.096 
-.190 
BAS 14 
BAS 15 
.023 
.187 
.093 
.491 
.578 
-.022 
-.471 
-.217 
BAS 18 
BAS 20 
BAS 21 
BAS 23 
.118 
.107 
.570 
.104 
.059 
.541 
.323 
-.062 
.539 
.185 
-.151 
.379 
.049 
.029 
.141 
.023 
 
Eating Behaviour was examined using two measures, one focused on personal 
behaviour and specifically eating habits, and one where the purpose is to identify an 
individual’s beliefs about dieting. 170 participants provided complete data for both of these 
measures. 
 The Dutch Eating Behaviour Questionnaire (DEBQ) (Van Strien, Frijters, Bergers, & 
Defares, 1986) consists of 33 items which are presented as the sub-scales of Restraint, 
Emotion and External eating. Participants’ responses for items range from 1 “not at all” to 5 
“very often”. Where participants have no direct experience of the behaviour they are 
instructed to enter a 1 (not at all) response.  High score indicates an increased tendency 
towards that eating behaviour. The measure can be applied whilst making reference to 
different time points and in this instance, participants were asked to report their response in 
relation to their general eating behaviour. 168 complete responses were received. The 
Cronbach’s alpha for each eating behaviour trait was excellent: Restraint α = .94 with an 
inter-item correlation mean of .624; Emotion α = .93 with a mean inter-item correlation of 
.507 and External α = .84 with a mean inter-item correlation of .359. In relation to the 
Factor 1 is representative of BAS 
Drive 
Factor 2 is representative of BAS 
Fun Seeking 
Factor 3 is partially representative of 
BAS Reward Responsiveness – 
items 4 & 23 have loading <.4 
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external eating subscale, analysis did indicate that by removing one item “when preparing a 
meal are you inclined to eat something” the alpha would increase to .85, but as the difference 
was marginal the scale integrity was maintained for analysis. 168 participants provided 
complete data for this measure. 
 The Diet Belief Scale (Stotland & Zuroff, 1990) is a 16 item scale designed to be a 
measure of peoples weight locus of control. A high score is indicative of an increased belief 
that individuals should and can control their weight. Participants identify the extent a 
statement corresponds with their personal beliefs, with response range being 1 “Not at all 
descriptive of my beliefs” to 6 “Very descriptive of my beliefs”. The measure is often utilised 
as a means to identify eating disordered individuals, such as those suffering from anorexia 
and not necessarily applied in relation to obese individuals, but locus of control has in 
previous literature being seen as a key indicator of success or failure in behaviour change 
(AbuSabha & Achterberg, 1997) and therefore it has been chosen primarily to ensure this 
aspect is being measured. 168 participants provided complete responses. The reliability of the 
measure was adequate with an alpha of .74. The mean inter-item correlation was small at .147 
with the correlations ranging from -.222 to .617 indicating a multidimensional construct. The 
authors suggest a three factor solution with beliefs that weight is under the control of internal 
factors such as willpower, external factors such as genes or luck and environmental factors 
such as peers or food availability. 168 participants provided complete data for this measure. 
Design 
The study embedded an experimental task into an online questionnaire which then 
provided both cross-sectional data on psychological measures and behavioural data from the 
experimental task. The questionnaire was accessible to participants via a secure hosting site. 
Participants undertook each element of the questionnaire in the same order with the exception 
being the Causal Conditional Reasoning tasks where computerised item order randomisation 
was utilised. Prior ethical approval was obtained from the University of Surrey ethics 
committee. (See appendix A) 
Causal Conditional Reasoning Task: The experiment was based around designs 
adopted in past causal conditional reasoning research and using standard logical reasoning 
formats (Cummins, Lubart, Alksnis, & Rist, 1991). We developed eight causal conditional 
reasoning tasks using the standard “if P then Q” format, four proposed general causal 
connections and four were specific to causes of obesity. The obesity items were each based 
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on different suggested obesity causes namely, biological, behavioural, psychological and 
environmental causes of obesity. The eight items used in the task are as follows;  
Table 3.2 
The Eight CCR Rules used in the Experimental Task  
General CCR Rules Obesity CCR Rules 
If a person uses a breath mint, then the person 
will have fresh breath. 
If a person has gene “X”, then the person will be 
over-weight. 
If a person cuts their finger, then the finger will 
bleed. 
If a person goes on a diet, then the person will 
lose weight. 
If a person drinks lots of alcohol, then the 
person will get drunk. 
If a person has high self-esteem, then the person 
will control their weight. 
If a person studies hard, then they will do will 
on the test. 
If a person lives near lots of fast-food outlets, 
then they will be overweight. 
 
Each task contained a rule based causal conditional statement such as “If you study 
hard then you will do well in the test” followed by the rule presented again in the standard 
four format possibilities; Modus Ponens (MP), Modus Tollens (MT), Affirming the 
Consequent (AC) and Denying the Antecedent (DA) as described in table 3.3. All 
participants were instructed to assume that the rule was true and to only consider whether the 
conclusion could be drawn from the premise or fact being presented to them. Participants 
were asked to respond on a 7 point scale with 1 defined as “Definitely cannot reach that 
conclusion” through to 7 “Definitely can reach that conclusion”. 
Table 3.3  
Examples of the Four Formats of Reasoning Inferences used in Causal Conditional Reasoning 
Task  
 
Inference Major premise Minor premise Conclusion Validity 
Modus ponens (MP) If p then q p q Valid 
Affirmation of the 
consequent (AC) 
If p then q q p Invalid 
Denial of the antecedent 
(DA) 
If p then q not-p not-q Invalid 
Modus tollens (MT) If p then q not-q not-p Valid 
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The causal reasoning items were presented in a random order. When using the items 
as part of one overall reasoning variable, response to two of the formats require reverse 
scoring (AC & DA), in order to create a logical accuracy reasoning score. This is necessary 
because if participants are reasoning completely logically, they should always accept the 
conclusion when the inference is valid (MP & MT) and reject the conclusion when the 
inference is invalid (AC & DA). Having reverse scored the responses to invalid inferences; 
an individual who is responding in a completely logical manner would have a mean accuracy 
score of 7. Therefore a high score for the overall reasoning measure indicates more effective 
causal conditional reasoning from a logic standpoint. However in reasoning research, it is 
also the case that the four reasoning formats are normally analysed individually and then 
variation in response compared and this approach will also be taken here. 157 participants 
completed the general reasoning items in full and 155 completed the obese reasoning items in 
full. Participants who provided less than 50% of responses in each of the reasoning sections 
were excluded from the behavioural analysis. 
Procedure 
Participants accessed the study online via a secure hosting site. Having been provided 
with information about the study participants gave their informed consent prior to accessing 
to the questionnaire.  Participants initially gave demographic information and details about 
their current and recent behaviour before proceeding through each measure. All participants 
completed measures in the same order and could exit the questionnaire at any time. 
Participants were given a written debrief and the opportunity to contact researchers with 
questions.  
Data analysis  
Analysis of demographic and questionnaire data was undertaken on the whole data set 
and by group.  Initial analysis of variables ascertained distribution.  Skew and Kurtosis was 
calculated and examined against a Z score cut-off of +/- 3.29 and the Kolmogorov-Smirnov 
test of normality. After removal of outliers Age and the Reasoning measure still did not have 
normal distribution. The variable of age was transformed using Log and subsequently fell 
within the boundaries of normal distribution and where used in its transformed state for 
analysis is reported as Log Age. In relation to the experimental data, analysis indicated the 
experimental data for the general causal condition was negatively skewed indicating scores 
clustered in the high ranges indicating a trend towards endorsement of the causal connection. 
50 
 
On analysis of z-scores, two participants exceeded 3.29 in one of the eight logical formats, 
however, participants were not excluded from the analysis as for the majority of the task they 
responded within expected population scores and further, their removal did not normalise the 
data. Transformation using reflection and log was considered, but as this would require 
transformation of the obesity causal variables as well (which were within normal parameters) 
this route was rejected. Descriptive statistics for both psychological and behavioural variables 
are provided in Appendix B.  
Where the analysis was considering the relationships between psychological measures 
and experimental variables Spearman’s rho was used. In relation to analysis of the 
experimental data, the main effects of topic and logical format were investigated through a 
collapsing of responses across conditions. These were then tested using Wilcoxon signed-
rank test and Friedmans ANOVA. By collapsing responses across conditions the chance of a 
type 2 error has been increased. In relation to subsequent investigation of interactions of any 
significant main effects (where no non-parametric equivalent was available), a 2 x 4 repeated 
measures ANOVA was conducted.  ANOVA is largely viewed as robust statistical test, but 
where assumptions are violated the chance of a type 1 error is increased, meaning there is an 
increased risk of not identifying a null hypothesis.  However, although it is recognised some 
of the assumptions of the ANOVA have been violated, the analysis steps taken in 
combination indicate that any significant results seen in the repeated measures ANOVA can 
be viewed positively if they replicate the main effects established using non-parametric 
methods.  
For post hoc analysis the non-parametric Wilcoxon signed-rank test, with Bonferroni 
corrections, was implemented. Where the sphericity assumption has been violated, Huynh-
Feldt correction will be reported.  
3.3. Results 
The sample is described in relation to questionnaire measures in table 3.4 using both 
the research sample scores, and the norm data provided in original research papers. The 
participant responses in general fall within expected population variance based on a range of 
two standard deviations from the mean.  
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Table 3.4 
Descriptive Statistics of Key Psychological Questionnaire Measures 
Questionnaire Measures Research 
Sample 
Mean ± SD 
Published  
Norms 
Mean ±SD 
Positive Affect _ Trait 32.9 ±7.1 32.0 ±7.0 
Negative Affect _Trait 22.1 ±6.9 19.5 ±7.0 
DEBQ - Restraint 2.8 ±1.0 2.21 ±0.9 
DEBQ - Emotion 2.7 ±0.9 1.92 ±0.7 
DEBQ – External 3.4 ±0.6 2.66 ±0.8 
Barratt Impulsivity 61.4 ±9.0 62.3 ±10.3 
BIS 23.0 ±3.3 20.6 ±3.4 
BAS Drive 
BAS Fun seeking 
10.9 ±2.3 
11.2 ±2.2 
10.8 ±2.4 
12.1 ±2.4 
BAS Reward Response 
Diet Belief 
16.8 ±2.0 
67.8 ±9.3 
17.2 ±1.9 
n/a 
Note n/a = no norm data available 
The questionnaire measures were reviewed to see how they related to each other within the 
population and are provided in the correlation table 3.5. There were no unusual correlations 
evident within the sample. The three eating behaviours of the DEBQ all positively correlated 
with BMI although the population itself was not an obese population per se. As expected 
there were some medium sized correlations between eating behaviours, in particular 
emotional and external eating rs .473, p < .001 and relationships were evident between the 
two impulsivity measures indicating similarities in constructs being measured. 
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Table 3.5 Correlation Table of Psychological Variables 
Significance = *<.05   **<.01 
Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 
1. BMI -             
2. Log Age .280** -            
3. Positive Affect  
 
.048 -.006 -           
4. Negative Affect -.038 -.021 -.161* -          
5. Emotional Eating .285** .059 -.152* .072 -         
6. External Eating .204** .013 .012 .156* .473** -        
7. Restraint Eating .200** .050 .013 .170* .208** .010 -       
8. Behaviour Inhibition 
System 
-.153* -.021 -.206** .359** .123 .152* .121 -      
9. BAS Drive -.064 -.028 .219** .076 -.148 .076 -.043 -.123 -     
10. BAS Fun Seeking -.025 -.064 .195* -.200** -.053 .123 -.024 -.274** 291** -    
11. BAS Reward Response -.086 -.014 .265** -.059 -.170* .103 .055 .108 .286** .211** -   
12. Diet Belief/Locus of 
Control 
-.099 .109 .084 -.044 -.098 -.058 .134 .-.025 .091 .068 .158* -  
13. Barratts Impulsivity 
Scale 
.105 .045 -.136 .043 .129 .124 .119 -.181* -.115 .330** -.076 -.051 - 
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3.3.1 Causal Conditional Reasoning Task 
 The first analysis undertaken was to look at the main effects of content type (general v 
obesity) and logical format (MP v MT v DA v AC). To consider whether participants’ 
responses to the reasoning tasks differed dependant on whether the content of the task was a 
general causal relationship or an obesity causal relationship, responses in each condition were 
collapsed to create an overall score. The mean General CCR score was 82.5 ± 14.0 and the 
mean Obesity CCR score was 67.9 ± 16.0. A Wilcoxon signed-rank test confirmed that there 
was a significant difference in how participants responded in each content condition, T = 
316.0 z = -10.12, p < .001, r = .82. The results showed that the majority (93%) were less 
likely to accept an Obesity causal relationship than a General causal relationship, 6% were 
more likely to accept an Obesity causal relationship than a General causal relationship, with 
the remaining 1% responding the same regardless of content condition. Based on past 
research this would indicate that for most participants, other factors, such as personal belief 
or alternative explanations are being considered in relation to the obesity causal conditional 
rules than for the general causal conditional rules. When considering the main effect of 
reasoning format there was some numerical differences in mean scores as illustrated in figure 
3.1. 
The subsequent Friedman’s ANVOA confirmed that the variation in participant 
response based on the format of the reasoning task was significant χ2(3) = 142.5, p <.001. A 
series of Wilcoxon tests were used to investigate this result (Bonferroni p-value adopted of 
.008). The post hoc analysis indicated significant differences across all pairs of logical 
formats with the exception of MT and AC (see table 3.6). As can be seen in figure 3.1 
participants were more likely to endorse tasks presented in the MP format “If p then q” than 
any of the other presentation forms, with the DA format “If not q then not p” least accepted by 
participants. 
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3.1.  
Figure 3.1. Illustration of the participant scores for each of the four logical formats presented 
as an overall response score, and as responses for the general CCR tasks and obese CCR 
tasks separately. 
 
Table 3.6:  
Results from Post Hoc Wilcoxon Test Results on Causal Conditional Reasoning Formats 
Comparison 
Pairs 
T Sig. r 
MT-MP 520.5 <.001 .73 
DA-MP 518.0 <.001 .78 
AC-MP 1279.5 <.001 .65 
AC-DA 2771.0 <.001 .32 
DA-MT 3069.5 <.001 .32 
AC-MT 4970.0 .436 .06 
 
The next step in the analysis was to consider whether there was evidence for an 
interaction between content type and reasoning format. As discussed previously, as the non-
parametric tests reported above had produced significant results a 2 x 4 repeated measures 
ANOVA was undertaken with the factors of content condition (general v obesity) and CCR 
format (MP v MT v DA v AC) to investigate any interaction in factors. As anticipated, there 
were significant main effects of content condition F(1,154) = 244.2 p < .001, ƞp2 = .61, and 
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CCR format F(1.9,301.9) = 56.6 p < .001, ƞp2 = .27. In addition to the main effects, results 
indicated a significant interaction between factors F(3,462) = 9.35 p< .001, ƞp2 = .06. Post 
hoc analysis using a Bonferroni adjusted significance value of 0.0125 indicated a significant 
difference between the obesity and general condition responses for all formats with p < .001, 
but difference (based on the effect size) was greatest for DA (r =.77) and AC (r =.76) forms 
of the task and smallest for the MP (r =.66) and MT (r =.59) forms (see figure 3.1 above). 
This would indicate that when considering causal connections in reasoning, participants show 
greater variation in performance when the conclusion they are being asked to assess is 
presented in a logically invalid format. However, this is not the same as saying that 
participants were more logical in one condition of the reasoning task than the other. 
One aspect that had not been addressed in the above analysis was a measure of 
participants accuracy in relation to logical reasoning task overall. In order to do this, variables 
were created to measure participant’s response against the ideal logical response. This 
required participant responses on the DA and AC items to be reverse scored so that a high 
score would be representative of participants demonstrating accurate logic. A Wilcoxon test 
confirmed that overall participants were significantly more logical in their reasoning response 
in the obesity causal reasoning tasks (mean 70.3 ±10.4) than the general causal reasoning 
tasks (mean 67.7 ±8.6) T = 2938.0 z = -4.65, p< .001, r = .37.  
3.3.2 Analysis of Experimental and Questionnaire Data 
 The final stage of the analysis was to consider participant reasoning performance in 
relation to the questionnaire measures and the results are summarised in table 3.7. The only 
significant relationships apparent were between mood, eating behaviour and reasoning 
performance. In relationship to demographic variables there was no significant correlation 
between BMI and any of the reasoning variables. Log age negatively correlated with 
reasoning in relation to the DA (rs = -.190, p = .02) and AC (rs = -.174, p = .03) formats only, 
which means that with age, participants were less willing to accept the conclusions when 
presented in logically invalid reasoning formats. 
 Increased levels of external eating behaviour were positively correlated with 
participant responses to both the general and obesity causal reasoning tasks. This means that 
participants high in external eating traits were more greatly endorsing causal connections 
between factors in both general and obesity causal relationships regardless of the validity 
format the causal relationship was presented in. This may indicate a more heuristic, automatic 
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response based on familiarity, or prior experience of the likelihood of those factors being 
connected rather than a controlled response, i.e. a less logical processing of causal reasoning, 
regardless of content.  
 
Table 3.7  
Correlations between Psychological Measures and Experimental Task based on the Study Hypotheses 
  General 
CCR 
response 
Obesity 
CCR 
response 
Logical 
Accuracy 
General 
Logical 
Accuracy 
Obesity 
Positive Affect -.003 .083 .096 .160* 
Negative Affect .089 ..056 -.031 -.161* 
Emotional .077 .064 -.070 .003 
External .218** .188* .072 .023 
Restraint -.004 .073 -.095 -.199* 
Impulsivity .018 -.028 -.003 -.046 
BIS .030 -.011 -.114 .062 
BAS-Drive -.092 -.154 .083 .003 
BAS-Fun Seeking .091 -.048 .012 -.047 
BAS-Reward Response -.010 -.093 -.023 -.028 
Diet Belief - LOC .049 .001 .044 -.067 
 
When considering participant performance in terms of making logically accurate 
reasoning decisions, positive and negative affect may have a connection with participant’s 
logical reasoning capacity. Increased levels of positive affect was related to improved logical 
accuracy on obesity causal relationships and increased negative affect associated with poorer 
logical accuracy performance for obesity causal relationships but, there were no significant 
relationships evident for either positive or negative affect in relation to accuracy of reasoning 
for general causal relationships. Interestingly, increased levels of restraint eating behaviour 
trait was related to poorer logical reasoning for obesity causal connections, but restraint 
eating trait showed no relationship with reasoning accuracy in the general causal tasks.  
 To summarise, participant’s causal conditional reasoning performance was different 
depending on whether the task was general or contained obesity specific causal connections. 
External eaters appear to exhibit a general response bias to causal conditional reasoning, 
regardless of content, indicating an increased tendency to accept causal connections between 
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factors. Overall participants were more logically accurate in causal reasoning of obesity 
causal connections but, individuals who were high in restraint eating behaviour showed less 
accurate reasoning in the obesity causal tasks but their performance in the general causal 
tasks did not differ from the population as a whole.  
3.4. Discussion 
 This study aimed to investigate whether individual’s causal conditional reasoning 
would be different dependent on whether the task content was general or obesity specific. 
The results did, in general, follow previous findings of a difference in reasoning performance 
based on logical format with participants more willing to accept the conclusion when the task 
was logically valid and supported by the original rule. The findings also supported our 
hypothesis that there would be a difference in reasoning performance based on content type. 
The results indicated that participants were less willing to endorse causal connections in the 
obesity CCR tasks than the general CCR tasks. In terms of accuracy of logical reasoning, 
participants were significantly better when undertaking obesity causal conditional reasoning 
tasks than when processing general causal conditional reasoning judgments. The implications 
of these findings will be the primary focus of this discussion section alongside the indications 
of a possible relationship between eating behaviour trait and reasoning performance.  
The results did not clearly support our prediction that participant mood is relevant to 
ability to undertake effective causal conditional reasoning judgements, with a significant 
correlation only apparent in relation to the measure of logical accuracy in the obesity related 
reasoning tasks. In addition there was no connection with reasoning performance and 
impulsivity, although there were indications that the two measures were tapping into the 
similar constructs. This is interesting as it would indicate that where we would expect 
individuals who are impulsive and less controlled in their behaviour to be more likely to 
make quick, automatic decisions, this is not apparent in terms of their reasoning behaviour. 
The results in this case indicating that there is no relationship between a tendency towards 
impulsivity and cognitive processes in this instance. 
The results of the study do appear to support the research that has previously been 
undertaken looking at causal conditional reasoning. Studies have shown that as individuals 
are increasingly familiar with the causal relationships being considered, they are more 
influenced by beliefs and past experience that would indicate alternative causes and disabling 
conditions for the conclusion and that this interferes with the logic of the reasoning problem 
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itself (Dellarosa, 1995). In essence they respond automatically to the causal relationship as 
opposed to solving the reasoning problem using controlled, logical processes. Research has 
shown that where participants have a strong association between the two parts of the causal 
relationship, they tend to undertake bidirectional reasoning whereby the direction of the 
causal rule becomes irrelevant to their response patterns (Quinn & Markovits, 1998). This 
would explain why participants were less willing to endorse the conclusions when 
undertaking the obesity causal tasks as participants were likely to be more familiar, due to 
more regular exposure, to the causal relationships they were being presented with than in the 
general causal tasks. Being more familiar with the causal relationships automatically 
triggering knowledge of situations where either the causal rule being presented did not come 
to fruition or where other factors drove the outcome that was being presented. This automatic 
process meaning it is more likely that participants are no longer responding in a logical 
fashion.  
Another way of considering the question of familiarity is that the extent an individual 
believes in the causal conditional relationship, will influence the extent that they will accept 
its logical validity. So where individuals have few known alternative causes or disabling 
conditions that dispute the rule, that rule becomes high believable and therefore people tend 
to respond in a controlled and logical way. Where people have a number of alternative causes 
or disabling conditions known to them that contradict the rule, that rule becomes less 
believable and responses reflect prior knowledge and experience as opposed to pure logical 
reasoning. However, a limitation of this study is that direct measurements of participant 
belief in the rule were neither taken nor manipulated. What would be an interesting direction 
to investigate is whether there is clear evidence of differences in reasoning response, not just 
based on overall familiarity with the topic area (in particular obesity causes) but on the extent 
people believe in the causal rule they are presented with, and whether the influence of belief 
differs depending on topic content.  
What was particularly interesting with the results however is that although it was 
clearly demonstrated that there was a strong relationship between familiarity and participant 
responses to the obesity causal reasoning tasks, when logical accuracy was measured 
participants did actually respond more logically to the obesity CCR tasks than the general 
CCR tasks. This would imply that in this instance, the prior knowledge and experience of 
obesity causes was beneficial to the causal reasoning process. Perhaps indicating that in 
relation to the general CCR tasks, participants responded less logically consistently, i.e. 
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endorsed the conclusions offered regardless of validity of format, whereas in relation to the 
obesity CCR tasks, although participants were less willing to strongly endorse the logically 
valid items, they were more likely to correctly reject the logically invalid items. The 
exception to this increase in reasoning performance however was seen in individuals with 
increased levels of restraint eating behaviour. With increasing levels of restraint, the 
improvement in logical accuracy of reasoning seen for obesity causes disappears, although 
their logical accuracy of general causal reasoning does not differ to the wider population. 
Support for the study finding can be found in prior research looking at cognition and 
restraint. Studies indicate a possible relationship between restraint and a reduction in working 
memory capacity in particular (Ball, Singer, Kemps, & Tiggemann, 2010; Green & Rogers, 
1998; Green et al., 2003). At this initial stage the result does indicate that any detrimental 
effect on cognitive processing of causal conditional judgements is limited to obesity related 
reasoning only. This could reflect that restrained eaters have increased numbers of automatic 
thoughts related to obesity causes that interfere with any controlled reasoning process, or that 
they have a reduced working memory capacity in this area only which means they are less 
able to draw on knowledge to help them make effective decisions. Finally it could be that 
preoccupying cognitions, such as those relating to body image or dietary restriction, distracts 
restrained eaters thereby their performance is only impaired when the task being undertaken 
“prompts” these thoughts to occur.  Support for this explanation seen in research examining 
impairments in working memory of active dieters (Green et al., 2003).  
The result indicating increased external eating behaviour correlating with increased 
endorsement of conclusions across all causal conditional reasoning formats is difficult to 
interpret. To date there is no known research considering external eating behaviour and 
cognitive processes outside of the area of attentional bias. If this increase in endorsement was 
seen alongside a reduction in accuracy then it would be relatively easy to explain but that not 
being the case, this may be an anomaly and therefore without replication at this stage no 
strong theoretical explanations for the result are apparent. 
3.4.1. Limitations 
But, a limitation of this study is that for the experimental task, only a limited number 
of items were used. What is needed is for the result seen here to be replicated in a study 
where participants are exposed to multiple CCR items in order to try and establish a more 
robust effect. Further, although we have made reference to differences in obesity causal 
60 
 
models and food knowledge a key limitation with this study is that there is no direct 
measurement of either of these two factors. This can clearly be addressed moving forward 
and by doing so, analysis can be undertaken to see if there is a relationship between 
knowledge and causal reasoning performance or identify whether any particular differences 
in obesity causal model may influence CCR judgment.  
3.4.2. Proposal for Future Research  
 In Chapter 4, the study present will attempt to replicate the key findings seen 
in this chapters results whilst addressing the limitations highlighted. If the detrimental 
influence of restraint eating behaviour can be identified this is of clear relevance for future 
intervention in weight loss and health weight maintenance. The intention is to include 
additional measures in order to examine whether there is an influence of either food 
knowledge or obesity causal model on CCR performance. Further, the experimental task will 
be adapted in order to provide multiple testing opportunities but more importantly, to allow 
an examination of whether, in addition to explanations of familiarity, there is evidence for the 
influence of variation in a participant’s belief in the causal rule on CCR performance. If this 
can be established, this would provide indications of the influence of automatic processes 
over controlled reasoning process. Chapter 5 will then provide an opportunity for a more 
direct examination of possible dual-processes involved in causal reasoning. By manipulating 
the time available for causal reasoning judgements to be made, the availability of automatic 
and controlled processes for participants to draw on will vary. The aim of this study is to 
provide further evidence of the influence of peoples automatic biases. This will support the 
theory that automatic processes influence people’s behaviour when making behavioural 
choices over food and exercise, and needs to be more directly considered rather than 
maintaining a focus on educational interventions that largely address controlled process. 
3.4.3. Conclusion 
The results have shown that participant’s causal reasoning performance does differ 
depending on the subject content of the relationship. Indications are that people are more 
accurate when undertaking reasoning judgements about obesity causes than when making 
inferences based on general causal relationships. However, this increased reasoning 
performance is absent in individuals high in restraint eating behaviour. There is a need for the 
findings to be replicated and for an investigation of whether the logical reasoning 
performance seen is being influenced by differences in the believability of the causal 
61 
 
relationship. The intention is to undertake a further study where the believability of general 
and obesity related causal relationships will be manipulated. This will address the limitations 
raised here and allow a more thorough examination of the explanations for differences in 
participant performance and the relationship with eating behaviour traits, and restraint in 
particular. 
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Chapter 4: Obesity Causal Conditional Reasoning: Are differences in 
content and relationships with restraint eating behaviour robust? 
4.1. Introduction 
The prior research study indicated that depending on the subject of a causal reasoning 
premise, people’s ability to undertake effective causal reasoning judgments varies. 
Specifically, indications are that individuals are better at making accurate causal conditional 
reasoning (CCR) judgements in areas where they have increased familiarity, such as the 
causes of obesity. However, an increased tendency towards restrained eating behaviour is 
related to a reduction in CCR performance when considering obesity causal relationships but 
no reduction in performance is seen in terms of general CCR ability. This finding requires 
further investigation, not only in order to determine if the detrimental relationship between 
restraint eating behaviour and causal reasoning is robust, but also to further examine the 
influence of participant belief on performance. At present, the difference seen in causal 
reasoning process is theorised as being related to the deficit in working memory capacity 
found in previous research (Green et al., 2003, 1994; Kemps & Tiggemann, 2005). The use of 
working memory in causal conditional reasoning has been previously established (De Neys et 
al., 2005). This cognitive process would be anticipated as influencing controlled cognitive 
processes where individuals access stored knowledge and evidence and undertake planned, 
logical procedures. Variation in participant belief in a causal conditional rule reflects a 
person’s prior knowledge and heuristics about that causal relationship that is the subject of 
that rule. Responses based on belief are suggested as automatic and subject to bias as 
individuals respond to the causal connection in a manner that most closely reflects their own 
past behaviour and experience, however they also draw on controlled cognitive processes 
through the use working memory as a means of accessing established known circumstances 
that either comply with, or contradict, the causal relationship. Where I would anticipate these 
processes to interact most strongly with the task of undertaking accurate reasoning in 
particular, is in relation to items that are less believable as prior research has shown a 
relationship between strength of association and CCR performance (Quinn & Markovits, 
1998). Here participants are being required to respond in a logical, analytical manner using 
controlled processes, but prior automatic beliefs, as well as knowledge of alternatives causes, 
or disabling conditions, drawn from working memory, will conflict with this. 
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Research looking at the influence of belief in reasoning has provided evidence of the 
effect of belief bias on reasoning performance (Evans et al., 2009; Fugelsang et al., 2006; 
Fugelsang & Thompson, 2003). There are some indications that the effect of belief is seen 
when undertaking formal reasoning tasks, such as causal conditional reasoning, in particular 
(Thompson & Evans, 2012). Within health there has been a significant amount of research 
looking at how people’s causal attributions make a significant difference in how they view 
and understand illness (see Hagger & Orbell, 2003 for a review of studies). With obesity, 
causal models are both complex and varied (McConnon et al., 2013; Ogden & Flanagan, 
2008). Obese individuals themselves viewing their illness as a complex interaction of internal 
and external causal factors (Brogan, 2009). Therefore it is realistic to anticipate that variation 
in eating behaviour trait will be related to variation in personal belief, and variation in ability 
to inhibit the influence of beliefs, and therefore this relationship between eating behaviour 
and belief may be seen through causal reasoning performance. 
The inhibition of the influence of belief when reasoning requires attention and the use 
of cognitive resources (Barton et al., 2009). Where cognitive resources are stretched or 
functioning at a lower level, for example with restrained eaters, then this would mean a 
reduced ability to inhibit belief bias in reasoning performance. This study will again examine 
the difference in reasoning performance by comparing general causal premises with obesity 
causal premises. This will provide confirmation over whether reasoning performance, and 
related effects with factors such as eating behaviour, are general or specific to obesity related 
reasoning. Previously causal reasoning research has focused on general or abstract reasoning 
tasks which then limit their application to behaviour. Where individuals are more familiar 
with something, they have more available situations that either confirm, or contradict the 
causal connection they are being presented with. In relation to obesity causes, the behavioural 
aspects of obesity, namely healthy eating and exercise behaviour, are the areas where 
individuals are likely to have the most knowledge and direct experience. In order to examine 
the influence of personal belief and personal experience, unlike the study in Chapter 3, the 
items used for the obesity causal tasks will be behavioural in nature only. 
A limitation of the previous study was the lack of direct measurement of participant 
food knowledge or obesity causal model and this will be addressed here. The premise of 
educational interventions in obesity is that individuals are lacking in knowledge and that this 
is influential on their behaviour (Wardle et al., 2000). Research has indicated however that 
there is not a clear causal relationship between knowledge and weight status (Burns et al., 
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1987; Shepherd & Stockley, 1987; Winston et al., 2014). The adoption of a shortened version 
of the Food Knowledge Questionnaire (Parmenter & Wardle, 1999) will allow us to consider 
if differences in knowledge of dietary recommendations or the source of foods and nutrients, 
influence obesity causal reasoning. The obesity model questionnaire (Ogden et al., 2001) will 
allow us to account for differences in obesity causal model driving variance in causal 
reasoning performance.  
4.1.1. Hypotheses 
The primary aim of this study is to replicate the findings from the previous 
experiment in order to ensure that the results indicating a difference in reasoning performance 
based on content is robust. The design of the experiment has been adapted in order to develop 
and strengthen its validity and in turn, the reliability of results. The research also aims to 
investigate whether factors such as differences in food knowledge or beliefs about the causes 
of obesity influence how people undertake causal reasoning judgments. Based on previous 
research and the past study I hypothesise that: 
1. Participants will be less willing to endorse causal relationships for obesity behavioural 
causes regardless of CCR format presentation. 
2. Individuals with higher levels of Restraint eating behaviour will demonstrate less accurate 
causal conditional reasoning judgements. 
3. Causal Conditional Reasoning judgements will be affected by participant belief in the 
causal conditional relationship proposed, with participants less likely to endorse causal 
relationships for low belief items regardless of CCR format. 
4. The influence of eating behaviour trait on causal reasoning judgements will be related to 
the participant belief in the causal relationship proposed. 
4.2. Method 
Participants  
The a priori power calculations stated in Chapter 3 were adopted for determining 
minimum sample size (minimum n = 71) (Faul, Erdfelder, Lang, & Buchner, 2007).  
Originally 119 participants from the university student population took part in the online 
study however nine participants were excluded from the analysis as they did not complete at 
least 90% of the experimental reasoning task. Therefore, 110 participants were included in 
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the final analysis. Of these participants, 88% were female and 12% male. Their age ranged 
from 17 to 43 years (mean 21 ± 4.7 years). Due to an initial systems fault the questionnaire 
did not record the self-report height and weight data for the first 35 participants. Where BMI 
is reported in subsequent analysis, only participants (n = 75) where BMI data was available 
were included. The participants mean BMI fell within the normal category weight range at 
23.3 ± 3.9. The majority of participants were single (75.5%), non-smokers (86.4%) with just 
over half (52.7%) reporting they regularly exercised for at least 1 hour per week (mean 3 ± 
3.7 hours). Participants reported an average alcohol consumption of 5 units of alcohol per 
week (range 0-60 units) with 9.1% of participants stating they were actively dieting. 
Excluding contraceptives, 18.2% of participants reported taking medium or long-term 
prescribed medication.  
Measures 
Where measures have been described in the previous chapter they will be summarised 
here. All 110 participants provided complete data for all measures. The following measures 
were used with the participants and presented in this order: 
Positive Affect Negative Affect Schedule (PANAS) (Watson, Clark, & Tellegen, 1988) 
was used to assess participants’ self-reported emotional state or trait feelings of positive and 
negative affect. PANAS was administered twice at different time points within the 
questionnaire. This was done to ascertain a State score (participants’ levels of affect that day) 
and a Trait score (their levels of affect over preceding weeks). The scale had strong internal 
consistency for both trait α .84 and state α.78 affect.  
A shortened version of the Food Knowledge Questionnaire (Parmenter & Wardle, 
1999) was used with participants. The original questionnaire is designed to measure adults’ 
level of nutritional knowledge. The questionnaire separates items into four areas; dietary 
recommendations, sources of foods/nutrients, choosing everyday foods and diet-disease 
relationships. The questionnaire has been validated in subsequent adult studies as having high 
internal consistency, test-retest reliability and overall good construct validity (Wardle, 
Parmenter, & Waller, 2000). For the purposes of this study, items were taken from the first 
two sections. No items were taken from the diet-disease relationship section as this is 
addressed by the Obesity Model Questionnaire. The decision was also taken to not use items 
looking specifically at choosing everyday foods as the items could influence participants’ 
subsequent performance in the obesity causal reasoning task. The shortened version as a 
result consisted of the dietary recommendations section (as per the original questionnaire) 
and 23 items from the sources of food/nutrients section (see appendix C). The reliability of 
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the scales was assessed within this population and results did differ from those presented by 
the original authors. The overall Cronbach’s alpha for the measure was .63 which would 
indicate questions over reliability of the measure. When looking at the sections individually, 
there does appear to be clear differences between the scales reliability within this population 
compared to the original source study. Considering the dietary recommendations section was 
used without amendment, the results will be interpreted with caution. The dietary 
recommendations section Cronbach’s alpha of .41 compared to its published alpha of .70 and 
the sources of food/nutrients section having a Cronbach’s alpha of .58 in comparison to the 
original full version of .95. 
Impulsivity was measured by the UPPS Impulse Behaviour Scale (Whiteside and 
Lynam, 2001). As indicated in the previous study the measurement of impulsivity is complex 
with no consensus of definition or measurement. The UPPS scale has been shown to provide 
a multidimensional model of impulsivity that has validity when applied within a health 
context and when compared to alternative methods of measurement (Carlson, Pritchard, & 
Dominelli, 2013; Kocka & Gagnon, 2014; Whiteside & Lynam, 2003). It was determined that 
preferential to having multiple measures of impulsivity, the UPPS would be the consistent 
measure adopted for the remainder of the thesis.  Participants are asked to rate how closely 
they feel statements reflect how they think and act. This measure looks at the personality trait 
of impulsivity with respect to the tendency for participants to report impulsive behaviour in 
four distinct areas: negative urgency, lack of premeditation, lack of perseverance and 
sensation seeking behaviour. The measure uses a four point scale with 1 = Agree Strongly 
and 4 = Disagree Strongly with a high score indicating a person has reported a high level of 
impulsivity in relation to that particular factor. The measure has been validated as a four-
factor model of impulsivity and used in a number of studies, including research looking at 
impulsivity in the context of addictive behaviours (Cyders & Smith, 2008; Whiteside, 
Lynam, Miller, & Reynolds, 2005). Internal consistency for the four factors within the 
sample was as follows: negative urgency α .89; lack of premeditation α .87; lack of 
perseverance α.88 and sensation seeking α .90. 
Power of Food Scale (PFS) (Lowe et al., 2009) addresses individual’s motivational 
drive or hedonic wanting for food. The PFS measures appetite for, as opposed to 
consumption of, palatable foods at three levels of proximity, when food is “present”, 
“available” and “tasted” with factor analysis confirming the scale is best represented as both 
three subscale domains and an aggregate domain. Participants respond on a five-point scale 
ranging from 1 “don’t agree at all” to 5 “strongly agree” the extent an item describes them. 
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Example items include “I find myself thinking about food even when I’m not physically 
hungry” and “If I see or smell a food I like, I get a powerful urge to have some”. Validity and 
reliability of the scale has been established with Cronbach’s α .81 and α .91 based on clinical 
obese and general samples with an adequate test-retest (r = .77, p < .001) (Cappelleri et al., 
2009; Lowe, et al., 2009). The PFS is a relatively new measure of eating behaviour and 
cognitions about food but has been previously used in obesity research where its scores 
correlate significantly with external eating (Cappelleri, et al., 2009; Schultes, Ernst, Wilms, 
Thurnheer, & Hallschmid, 2010). Within this sample there were indications of high internal 
consistency and reliability with a Cronbach’s alpha of .92. 
The Dutch Eating Behaviour Questionnaire (DEBQ) (Van Strien, Frijters, Bergers, & 
Defares, 1986) continued to be the primary measure to quantify eating behaviour traits. The 
participants reported their eating behaviour with respect to Restraint, Emotional and External 
eating behaviours. The study Cronbach’s alpha for the three eating behaviour traits were α 
.94, α .95 and α .87 respectively.  
The Obesity Model Questionnaire  Ogden & Flanagan, 2008; Ogden et al., 2001)was 
used in order to examine participants’ views about the causes and consequences of obesity. 
The measure consists of four sections; obesity causes, obesity consequences, obesity 
treatments and obesity professionals. Within each section participants are able to indicate 
which elements they see as relevant. For example, in the causes of obesity section, 
participants indicate on a scale of 1 (not at all) to 5 (totally) whether they think obesity is 
causes by a certain factor; the 12 options given being a mixture of biological, behavioural, 
environmental/social and psychological causes. The obesity consequences section covered 
physical, psychological and social consequences. The treatment section had medical, 
behavioural, and social alternatives. The final element of the measure looking at obesity 
professionals required participants to indicate who they felt was  helpful in preventing or 
treating obesity and again a range of options were offered, namely medical, social or 
individual responsibility. Scale reliability within the sample was positive with an overall 
Cronbach’s alpha of .86. 
A Visual Analogue Scale (VAS) was used for evaluating participants’ stage of hunger, 
sleepiness and their self-efficacy in controlling their weight. For sleepiness the Karolinska 
Sleepiness Scale (KSS) was used. This has been validated in relation to both EEG and 
behavioural measures (Bonnefond, Doignon-Camus, Hoeft, & Dufour, 2011; Kaida et al., 
2006) The VAS were administered prior to participants commencing the experimental task.  
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Experimental Task 
 The causal conditional reasoning task was an extension of the task presented in 
Chapter 3. There were 8 general causal conditional rules and 8 obese causal conditional rules 
(see appendix D). In contrast to the previous online study, all of the obese causal conditional 
statements were based on behavioural causal connections with obesity i.e. either eating 
behaviour or physical/exercise behaviour. Each rule was again presented in the standard “if X 
then Y” format. An example of one of the general CCR rules is “IF you sleep, THEN you 
will feel refreshed” and an example of an obesity CCR rules is “IF you are active, THEN you 
will be healthy”. Each rule was then presented again below as a fact and a conclusion using 
each of the four logical formats; Modus Ponens (MP), Modus Tollens (MT), Affirming the 
Consequent (AC) and Denying the Antecedent (DA). Half of the rules were categorised as 
high belief and half were categorised as low belief following validation of items. This 
resulted in 64 causal conditional reasoning items in the experiment which were subject to 
computerised random order presentation. Participants were required to decide on the causal 
connection between the two elements and respond on a 7 point scale the extent they felt the 
conclusion could be drawn from the fact; 1 representing “definitely cannot draw that 
conclusion” through to 7 representing “definitely can draw that conclusion”.  
Validation of stimulus: The conditionals used in this and the subsequent study 
presented in chapter 5 were subject to validation prior to their inclusion. The conditionals 
developed were based either on conditionals identified from previous published studies or 
were constructed for the purpose of this thesis. Twenty four general and twenty four obesity 
causal conditional statements were put to 38 pilot participants. They were asked to rate as a 
percentage how believable they felt the rule was. The mean endorsement percentage for each 
conditional was calculated and used to confirm whether the categorisation of high and low 
belief was appropriate. The mean scores for general items was 63 for high and 20 for low and 
for the obesity items was 63 for high and 18 for low. The final 8 items used in the 
questionnaire were then taken from each shortlist. As literature also indicates that differences 
in belief of causal connections will influence the levels of disabling conditions or alternative 
causes, pilot participants were asked to generate as many disabling conditions (reasons why p 
might not lead to q) and alternative causes (reasons why q might occur without p) for each of 
the conditionals. However this does not appear relevant based on the validation data with 
average disabling conditions offered by participants being 1.3 for high belief items and 1.3 
for low belief items, and the number of alternative causes offered by pilot participants being 
1.3 for high belief items and 1.4 for low belief items.  
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Procedure 
Participants accessed the study via an online research site. Participants register with 
the site in order to participate in research projects being run in university departments, either 
online or laboratory based. Participants were excluded from this study if they had previously 
taken part in the laboratory study reported in chapter 5. Participants were provided with 
relevant study information with informed consent obtained prior to the participant accessing 
the main body of the study. Participants were able to withdraw from the study at any time and 
were given researcher contact information for queries or to raise any areas of concern. On 
completion of the study participants were directed to a de-brief screen. Eligible participants 
were entitled to claim one lab token for participation in the study as part of the Faculty 
undergraduate research participation scheme or could request they be included in a draw for 
the potential chance to win a £25 shop voucher. The study was approved by the University of 
Surrey ethics committee (see appendix A).                          
Data analysis 
Initial analysis of variables ascertained distribution and accurate participation within 
the experiment. As this was a medium sized sample, normality and distribution of variables 
was reviewed against z-score skew and kurtosis parameter of ±3.29 and the Shapiro Wilk 
test. Descriptive statistics for the psychological and reasoning variables are provided in 
Appendix E. State negative affect was not normally distributed with both positive skew (z = 
6.06) and kurtosis (z = 6.14). In addition an individual factor within the Obesity Model 
Questionnaire and the Food Knowledge Questionnaire was positively skewed. Further the 
Shapiro Wilk normality test was significant for a number of the psychological variables. 
Variables were reviewed for outliers but, as no individuals were outliers consistently across 
the questionnaire or experimental data or demonstrated clear anomalies, no further 
participants were excluded. Transformations to achieve normality were considered but the 
decision was taken to maintain the integrity of the data as it was felt transformation was 
unlikely to normalise the data sufficiently. Therefore, in order to assess the variation in causal 
conditional reasoning by individual differences in eating behaviours, mood, food knowledge 
and BMI, questionnaire measures were correlated with experimental variables using 
Spearman’s Rho.  
In relation to the experimental data, the causal conditional reasoning variables were 
normally distributed with skew and kurtosis scores within proposed parameters (see table 
4.1). For the analysis of these variables repeated measures ANOVA were adopted. In the 
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event of a violation of the sphericity assumption Huynh-Feldt statistic was used. Where post 
hoc t-tests were conducted Bonferroni corrections were applied.  
 
Table 4.1  
Descriptives of CCR Variables Presented by Logical Form; Modus Ponens (MP), Modus 
Tollens (MT), Denying the Antecedent (DA), Affirming the Consequent (AC) 
Reasoning 
Variable 
Skew 
Statistic 
Std. 
error 
Z 
score 
Kurtosis 
Statistic 
Std. 
error 
Z 
Score 
GR_MP -0.098 0.23 -0.426 -0.649 0.457 -1.420 
GR_MT -0.217 0.23 -0.943 0.668 0.457 1.462 
GR_DA -0.168 0.23 -0.730 0.577 0.457 1.263 
GR_AC -0.268 0.23 -1.165 0.035 0.457 0.077 
OR_MP 0.201 0.23 0.874 -0.978 0.457 -2.140 
OR_MT -0.104 0.23 -0.452 0.391 0.457 0.856 
OR_DA -0.026 0.23 -0.113 0.883 0.457 1.932 
OR_AC 0.031 0.23 0.135 -0.256 0.457 -0.560 
GR = general causal reasoning content; OR = obese causal reasoning content 
 
4.3. Results 
The sample is described in relation to questionnaire measures in Table 4.2 below . 
The table shows both the research sample scores and the norm data provided in original 
research papers. The participant responses in general fall within expected population variance 
based on a range of two standard deviations from the mean.  
The results indicate that as expected there were some strong correlations between the 
questionnaire measures designed to measure self-reported eating behaviour and hedonic 
wanting for food. Negative affect was positively correlated with many of the eating behaviour 
traits for example, a clear relationship can be seen between increased levels of negative affect 
and increased self-reported emotional eating behaviour for both trait rs .466 p = < .001and 
state negative affect scores rs .284 p = .003. Participants’ self-efficacy in their ability to 
control their weight has a very clear and consistent pattern across the questionnaires. 
Increased confidence being related to more positive affect, e.g. PA trait rs .291, p = .002 and a 
reduced tendency towards reporting less healthy eating behaviours, hedonic motivation 
towards food and reduced impulsivity traits. There were no clear relationships between the 
above measures and BMI which is perhaps reflective of the young nature of the sample and 
indeed when age was considered, there was a small positive correlation with BMI rs .291, p= 
.011. This lack of relationship between BMI and the questionnaire measures may reflect that 
factors such as eating behaviour trait and hedonic wanting for food are present in individuals 
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when, from a physical point of view, weight gain is not yet a concern. This might hint at 
these traits being naturally present in individuals and not a consequence of weight gain. As 
the purpose of the thesis is to consider whether eating behaviour trait, irrespective of 
weight/obesity, affects certain cognitive processes these results are not of concern in relation 
to the subsequent analysis. In general the initial analysis of psychological measures indicates 
the sample tested is largely representative of the normal population, with responses 
presenting an expected pattern of relationships. 
 
Table 4.2. 
 Descriptive statistics of key psychological questionnaire measures: 
Questionnaire Measures Research 
Sample 
Mean ± SD 
Published  
Norms 
Mean ±SD 
Positive Affect _ Trait 30.9 ±7.6 32.0 ±7.0 
Negative Affect _Trait 22.1 ±7.3 19.5 ±7.0 
Positive Affect _State 26.4 ±8.4 29.1 ±8.3 
Negative Affect _State 16.9 ±5.7 16.3 ±6.4 
Power of Food Scale (PFS)  2.8 ±0.9 1.73 * 
PFS  - Food Available 2.6 ±1.0 1.48 * 
PFS - Food Present 3.1 ±1.0 1.9 * 
PFS - Food Tasted 2.8 ±0.9 1.80 * 
DEBQ - Restraint 2.6 ±1.0 2.21 ±0.9 
DEBQ - Emotion 2.7 ±1.0 1.92 ±0.7 
DEBQ – External 3.2 ±0.7 2.66 ±0.8 
UPPS - Urgency 30.0 ±5.9 32.87 ±8.96 
UPPS - Lack Premeditation 23.0 ±4.8 21.85 ±5.24 
UPPS - Lack Perseverance 20.8 ±4.7 19.90 ±4.91 
UPPS - Sensation Seeking 32.5 ±7.2 26.11 ±6.76 
* No standard deviation norm data available 
 
An overview of the findings from the correlation of questionnaire measures is given in Table 
4.3. 
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Table 4.3: Correlation table of primary psychological variables 
Significance: *<.05 **<.005 
Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1. BMI -                 
2. Positive Affect Trait -.063 -                
3. Negative Affect Trait 
 
.056 -.005 -               
4. Positive Affect State -.035 .636** .033 -              
5. Negative Affect State -.131 -209* .218* -.208* -             
6. Power of Food Scale -.011 -.138 .319** -.120 .185 -            
7. PFS – Food Available .112 -.170 .356** -.137 .236* .924** -           
8. PFS – Food Present .003 -.163 .264** -206* .183 .861** .746** -          
9. PFS – Food Tasted -.192 -.002 .186 .039 .034 .815** .626** .553** -         
10. Restraint Eating .156 -.028 .292** -.070 .254** .190* .242* .150 .069 -        
11. Emotional Eating .142 -.155 .466** -.108 .284** .501** .515** .518** .227* .233* -       
12. External Eating -.148 -.179 .239** -.163 .110 .656** .554** .626** .579** .132 .459** -      
13. Self-Efficacy weight control  -.164 .291** -.241** .282** -.187** -.366** -.395** -.390** -.176 -.334** -.315** -.375** -     
14. Urgency .064 -.258** .244* -.304** .191* .409** .433** .439** .198* .271* .306** .284** -.495** -    
15. Lack Premeditation .056 -.112 -.258** -.012 .067 .116 .174 .217* -.071 .129 .111 .064 -.256** .435** -   
16. Lack Perseverance -.037 .228* -.351** -.361** -.027 .142 .171 .191* .029 .157 .058 .095 -.238* .355** .452** -  
17. Sensation Seeking -.024 -.099 .325** .238* .211* .009 -.068 -.068 .132 .101 -.006 -.026 .136 -.082 .167 -.066 - 
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4.3.1. Causal Conditional Reasoning Task 
In order to examine whether participants causal reasoning performance was different 
when there was a general causal connection compared to when an obesity causal connection 
was being processed, a 2 x 4 repeated measures ANOVA was undertaken with the factors 
Topic (General v Obesity) and Form (MP v MT v DA v AC). Results indicated a significant 
main effects of topic F(1,109) = 73.85, p < .001, ƞp2 = .40, and form F(3, 327) = 32.73, p < 
.001, ƞp2 = .23, but there was no interaction between factors. Participant responses when 
undertaking causal conditional reasoning of obesity causal relationships were significantly 
lower than when reasoning about general causal relationships (see figure 4.1). This was 
confirmed using a series of paired samples t-tests with Bonferroni correction (adjusted 
significance value of .0125) which showed a significant difference between topics in all 
forms of causal conditional reasoning. This indicates that regardless of how the causal rule 
was presented, participants were less willing to endorse the causal connection for the obesity 
tasks than for the general tasks.  
 
Figure 4.1: Mean scores for the four causal reasoning formats for the obesity causal 
reasoning tasks and general causal reasoning tasks 
 
In order to see whether the believability of the rule was a factor, a 2 x 2 ANOVA was 
undertaken with the factors of Topic (General v Obesity) and Belief (High v Low). The 
results here indicated no significant main effects of topic or belief, but there was a significant 
interaction between factors F(1,109) = 5.63, p = .019, ƞp2 = .05. However, as figure 4.2 
illustrates the difference between topic and belief type in absolute terms is minimal. 
4
4.5
5
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MP MT DA AC
General Obese
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Figure 4.2 Illustration of interaction between topic of causal conditional reasoning task, and 
believability of causal reasoning rule 
 
To investigate if belief would be influential regardless of which form the causal 
connection was presented in, a further repeated measures ANOVA was run. The factors used 
in the analysis were Belief (High v Low), Topic (General v Obesity) and Form (MP v MT v 
DA v AC). There were main effects of belief F(1,109) = 104.3 , p < .001, ƞp2 = .49 topic 
F(1,109) = 73.85, p < .001, ƞp2 = .40 and form F(2.203,240.16) = 32.73, p < .001, ƞp2 = .23. 
The interaction between belief and form was significant F(2.701,294.41) = 16.9, p < .001, ƞp2 
= .13, as was the three way interaction between all factors F(2.69,293.17) = 8.27, p < .001, 
ƞp2 = .07. To investigate the three way interaction, a series of 2 x 2 ANOVA’s post hoc tests 
were run for each CCR form (MP, MT, DA & AC) with belief (High v Low) and topic 
(General v Obesity) as additional factors. Results showed that the interaction was only 
significant for the Modus Ponens F(1, 109) = 4.15, p = .04, ƞp2 = .04 and Modus Tollens F(1, 
109) = 11.90, p = .001, ƞp2 = .10 presentation forms however, when adjusting for multiple 
corrections, then only the interaction for Modus Tollens remains significant using the 
adjusted significance value of .0125. 
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a)  b)  
Figures 4.3 Illustrations a & b are visual representations of the interaction of mean scores for 
Modus Ponens and Modus Tollens formats based on topic (General v Obesity) and belief 
(High v Low) 
 
4.3.2. Analysis of Causal Conditional Reasoning and Questionnaire Measures 
As we are interested in considering whether performance in causal conditional 
reasoning is related to factors such as weight, eating behaviour or personality, the final 
analysis was to correlate the experimental data with questionnaire measures. In the 
correlation analysis participants ability to undertake logical and accurate causal reasoning 
was analysed using the combined reasoning variable as described in the previous chapter. 
 
Table 4.4.  
Summary of Correlations Between Key Psychological Measures and Causal Conditional 
Reasoning Accuracy  
 Emotional 
Eating 
External 
Eating 
Restraint 
Eating 
PFS Food 
Knowledge 
PA NA BMI 
General 
CCR 
-.086 .056 -.244* -.050 .185 .007 -.050 -.077 
Obesity 
CCR 
-.151 -.052 -.212* -.218* .042 .122 -.127 .061 
GR Hi -.155 .008 -.207* -.038 .042 .172 -.166 -.030 
GR Lo -.072 -.019 -.197* -.092 .162 -.070 -.026 .038 
OR Hi -.145 -.055 -.183* -.169 .025 .151 -.136 .034 
OR Lo -.077 -.071 -.129 -.215* .060 -.003 -.124 .070 
*= P < .05  
GR = general content, OR = obesity content, Hi = high believability item Lo = low believability item 
3.5
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5.5
High Belief Low Belief
General MP Obesity MP
3.5
4
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5
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Results showed a positive relationship between participants overall accuracy in 
general CCR tasks and obesity CCR tasks rs = .338, p = .003. In relation to eating behaviour 
trait however, the results again directed towards a negative relationship between individuals 
ability to make effective causal reasoning judgements and the level of restraint eating 
behaviour. In this study, in contrast to the previous chapter, the negative relationship was 
apparent in both the obesity rs = -.212, p = .03 and the general rs = -.244, p = .01 causal 
reasoning tasks. Further, participants self-reported hedonic motivation for food (as measured 
by the power of food scale) showed a negative relationship with the accuracy of individuals 
reasoning in the obesity causal conditional tasks, rs = -.218, p = .02. There does not appear to 
be a relationship between participant reasoning ability and their food knowledge, however the 
lack of reliability of the food knowledge questionnaire within this sample means this 
interpretation should be viewed with caution and level of food knowledge could still be a 
relevant factor. When correlations between participant responses on the Obesity Model 
questionnaire were considered there was no significant relationship with general causal 
reasoning performance. In relation to obesity causal reasoning performance, there was a 
significant negative correlation with participant endorsement of Bio Medical causes of 
obesity rs = -.242, p = .01, and Behavioural Treatment of obesity rs =-.207, p= .03. This would 
indicate that the more individuals believe in biological causes for obesity and behavioural 
solutions for obesity, the less accurate their obesity causal conditional reasoning. This could 
be due to the conflicting aspects of such an internal obesity model. 
As before, no relationship between impulsivity factors and causal reasoning 
performance was significant. This indicates that this particular trait behaviour is not 
influential in causal reasoning performance. 
4.4. Discussion 
 A primary goal of this research was to see if the results seen in the study presented in 
chapter 3 were robust and could be replicated. The first hypothesis based on the previous 
study findings was that there would be a difference in participant causal conditional 
reasoning performance depending on whether the task presented a general causal connection 
rule or an obesity causal conditional rule. This was supported by results with participants 
again less willing to endorse conclusions in the context of obesity causal relationships than 
general causal relationships. The second main hypothesis was also supported indicating that 
increased levels of restraint eating behaviour are associated with poorer causal conditional 
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reasoning but in this case the relationship was evident across all reasoning tasks. The final 
hypothesis that participants’ belief in the causal relationship would determine their 
willingness to endorse a conclusion regardless of logical presentation, was reinforced by 
results but the expected interaction of belief and eating behaviour was not seen. 
 The results do suggest that individuals reasoning performance does vary depending on 
the subject of the reasoning problem. This is of interest as by moving the causal reasoning 
literature into a more applied context, in this case obesity causes, it shows both that the 
research method is applicable, but also that differences in reasoning performance do become 
apparent. In this particular case, findings support prior research that increased familiarity with 
a subject is related to a reduction in endorsement of conclusions theorised as being a result of 
having increased number of alternative causes and disabling conditions available to draw 
upon (Cummins et al., 1991; Cummins, 1995). In other words the more people are familiar 
with a topic and have direct experience of it, the less accepting they are of causal 
relationships they are presented with. So in the context of interventions promoting the 
relationship between healthy eating and weight, individuals could be less likely to accept the 
causal connection as they are familiar with multiple situations where the outcome (weight 
change) may not occur, or may be a result of alternative factors.  
The study also saw a clear influence on belief on causal reasoning behaviour with 
participants more willing to endorse items that were highly believable than those of low 
believe. This indicates that even when instructed to undertake logical, controlled reasoning 
tasks, automatic belief bias clearly influences that controlled process. There was a statistically 
significant interaction between belief and CCR topic but in real terms, the difference in mean 
scores of participant responses was minimal. This suggests that there is minimal difference of 
the influence of automatic biases based on variation in the subject of the causal reasoning 
task.  
 The study has confirmed the relationship between restraint and causal reasoning 
performance. Increased levels of restraint was associated with a reduction in logical accuracy 
of causal reasoning. The deficit in performance was significant for both general and obesity 
related causal relationships. This implies a general, rather than a specific, deficit in cognitive 
processing. The fact that the pattern of relationship appears consistently related to Restraint is 
intuitive when you consider that of the three primary eating behaviours, Restraint is 
associated with a conscious, controlled strategy of restriction which registers with the 
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controlled aspect of causal reasoning. However to date, the conditions of the reasoning task 
itself have not been manipulated in order to try and tease out the influence of automatic and 
controlled cognitive processes on the task. This will be the primary objective of the study 
presented in Chapter 5. 
 Questions over the influence of knowledge and obesity causal model have been 
examined. There was no evident relationship between participants’ knowledge of dietary 
recommendations or the source of foods and nutrients on the reasoning performance. This 
could be another example of research where there was a failure to find significant evidence 
for the influence of knowledge, or that the influence is small (Axelson, Federline, & 
Brinberg, 1985; Shepherd & Stockley, 1987; Shepherd & Towler, 2007). But, it is also 
recognised that there are questions about the validity of the application of the food knowledge 
questionnaire within this sample. In addition the nuances of the population itself must be 
considered. The participants all demonstrated a high level of knowledge which is likely to not 
be reflective of a wider population. Therefore the influence of knowledge on reasoning 
behaviour cannot be fully discounted. In relation to participants’ causal model of obesity, 
there was a negative relationship between accuracy of obesity causal reasoning and an 
increased belief in biomedical causes for obesity and behavioural treatments. This internal 
model of obesity could be proposed as causing increased conflict as it appears to support an 
external cause for obesity development but an internal solution. It has to be noted that the 
research being undertaken is based on a normal-weight population, and it is possible therefore 
that the model seen here is reflective of inconsistent knowledge and experience. In other 
words, that the poor behavioural choices they have personally undertaken, have not resulted 
in the weight change that they have been taught to expect. If this is the case, they may resolve 
this dissonance by proposing a genetic/biological explanation that explains their lack of 
weight gain, but allowing them to maintain a view that behavioural choices of healthy eating 
and active lifestyle is an appropriate solution to weight gain if it occurs.  
4.4.1. Conclusion 
 Causal reasoning performance is influenced by familiarity with the subject and 
strength of association for the causal relationship. Participants are less willing to endorse 
conclusions for obesity related causal premises in comparison to general causal premises. 
Increased restraint is associated with a reduction in causal reasoning performance and 
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indications are that this is a general cognitive deficit which is theorised to be related to a 
reduction in working memory capacity. 
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Chapter 5: Evidence of dual processing differences for obesity related 
causal reasoning related to eating behaviour trait 
5.1. Introduction 
The primary aim of this study is to investigate the proposal that differences in the 
dominance of each dual processing pathway help explain why a person’s eating behaviour 
trait influences their causal reasoning ability at some times, and not at others.  
During episodes where the slower more controlled processing route is dominant, then 
it would be anticipated that more accurate, logical reasoning responses will be seen. When an 
individual is using the quicker, automatic processing route, then an individual’s beliefs, or 
heuristic response are likely to come to the fore and therefore, biases in reasoning will be 
more evident. In the case of eating behaviour, individuals who are higher in emotional, 
external or restraint eating behaviour could be anticipated to show more biased reasoning at 
times when the automatic processing path is dominant over the controlled processing path. 
However, when the possible deficit in working memory capacity associated with restraint that 
has been indicated by the preceding two chapters is considered, then this would mean that a 
reduction in reasoning ability would be seen for restrained eaters, in comparison to others 
when the controlled cognitive processes are being used.  
In previous research Evans showed that this difference in activation of dual 
processing routes can be manipulated in an experiment when an individual’s causal 
conditional reasoning performance is put under time pressure (Evans et al., 2009).  
Participants undertake causal reasoning tasks either in a condition where they have sufficient 
time available to make a slow, considered, controlled response or a condition where they 
have to make a very quick judgement based on their automatic response to the problem. The 
design intends to determine whether conditions of reasoning influence which mode of 
processing is used in making causal reasoning judgements. Evans et al (2009) found that not 
only were participants unable to inhibit belief bias even when instructed to do so, but the 
speed of processing task had no effect on the extent to which belief bias influenced responses. 
This research will not attempt to replicate the manipulation of instruction, as our interest is to 
consider how people respond following presentation a causal relationship rule as this is closer 
indication of how people reason having previously been given information/knowledge about 
behavioural causes of obesity. The finding that the extent of belief bias does not vary based 
on time available for reasoning decisions is an interesting one. There are a number of studies 
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that would imply an increase in automatic thoughts, and therefore belief bias, should be seen 
if people are making decisions, or reasoning under time pressure (Roberts & Newton, 2001; 
Evans & Curtis-Holmes, 2005). One possible explanation is for the definition of speeded that 
Evans applies. In this case participants were given 5 seconds to make their decision over the 
extent the conclusion could be drawn from the premise following presentation of the 
conclusion. There is capacity therefore to increase the time pressure experienced by 
participants in order to try and determine whether speed of processing does effect belief bias.   
In addition, this study is specifically interested in whether there is a difference in apparent 
dominance of the automatic or controlled processing pathways when reasoning about obesity 
causes, and whether a relationship with eating behaviour trait can again be identified.  
Building on the research in Chapters 3 and 4, the causal conditional reasoning task 
used will manipulate speed of processing, belief and subject content. This allows an 
investigation of results to determine whether differences are specific to obesity causal 
reasoning, or also evident in general reasoning performance. In addition the previous research 
found that the believability of the causal connection being presented influenced reasoning 
performance, with participants less willing to endorse low belief causal conclusions 
(regardless of logic) because their past experience and knowledge contradicts the causal 
connection. But, there was minimal real difference in the influence of belief when the subject 
matter of the causal judgement was compared although the interaction was statistically 
significant between belief and task content (obesity v general). This study will allow this 
comparison to be made again to help determine the strength of the interaction. 
When looking at dual process models and belief, the suggestion is that for low belief 
causal connections participants automatically look to reject the causal connection as they are 
able to immediately activate numerous alternatives causes or disabling conditions. In contrast 
for highly believable causal connections, the automatic processing path prompts increased 
tendency to endorse causal connections as there is a stronger association between the causal 
elements. Reasoning under time pressure will see the automatic route dominate and therefore 
it is expected there will be less endorsement of low belief task items in comparison to high 
belief items regardless of the format it is presented in (i.e. its logical validity). When 
reasoning freely, i.e. not under time pressure, the belief bias effect should reduce as there is 
sufficient time for individuals to consider the validity of the problem and undertake more 
controlled reasoning processes. In this instance, although you would still anticipate there to 
be an effect of belief, as individuals would still be accessing knowledge and past experience 
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that may contradict the low belief causal relationship, there is time for logical reasoning 
processes to reach their conclusion. Therefore in the free reasoning condition, the difference 
between high belief and low belief responses should be smaller than in the speeded respond 
condition.  
By moving onto the nuances of eating behaviour trait and biases of obesity causes 
(where arguably individuals develop more biases in an obesity causal context) it is not known 
whether this will interact with the belief/speed relationship. Based on familiarity theory 
(Cummins 1992, 1995) and the principle that people are likely to have more automatic bias 
(caused by personal beliefs and experience) in the area of obesity behavioural causes, there 
should be evidence for greater belief bias and automatic processing in the obesity causal 
reasoning tasks than the general causal reasoning tasks.  In the previous chapters, restraint 
eating behaviour was shown to have a negative relationship with causal reasoning 
performance, but to date the task has not been subject to any time pressure and therefore the 
hypothesis has been made that effects are reflecting a reduction in controlled cognitive 
processing capacity. Arguably therefore the influence of restraint on cognition may be seen 
more in the free processing condition where participants have more time to access controlled 
analytical processes. It is possible that increased emotional or external eating behaviour trait 
tendency may be associated with an increased automatic response to obesity causal reasoning 
tasks (as the traits are more strongly associated with eating as a result of an increased 
automatic responses to food stimuli), although no consistent pattern of results to support this 
has been seen in the previous two chapters. However, if present this would be indicated by a 
reduction in endorsement of obesity causal connections regardless of belief. With effects 
greatest in the speeded reasoning condition when participants are more likely to respond 
based on belief/heuristic thinking. 
5.1.1. Hypotheses 
In summary, I hypothesise that: 
1. Endorsement of conclusions will be significantly higher for the highly believable items 
compared to the items of low believability 
2. The effect of belief will be greater in the speeded processing condition compared to the 
free processing condition 
3. Participants reasoning performance will differ between the general and obesity domains 
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4. Increases in levels of restraint eating behaviour trait will be correlated with a reduction in 
causal reasoning endorsements, with effects greatest in the free processing condition. 
5. Increased levels of emotional and external eating behaviour trait may be associated with an 
increased automatic bias in reasoning for obesity causal reasoning tasks, with effects greatest 
in the speeded condition. 
5.2. Method 
Participants  
A statistical power analysis was performed for sample size estimation. Based on an 
alpha = .05, large effect size of .14 and power = 0.80, the projected sample size needed for 
the repeated measures ANOVA analysis was 64 (Faul, Erdfelder, Lang, & Buchner, 2007). 
The experiment was completed by 85 participants from the university student population. 
Two participants were excluded from the analysis as they did not record a response in at least 
85% of the trials (either in total or in one of the two processing conditions). Therefore, 83 
participants were included in the final analysis. Of these participants, 60 were female and 23 
male with a mean age of 21 years ± 2.4. The majority (88%) of the participants were right 
handed although the experiment set up allows participants to use their dominant hand 
therefore, no effect of handedness was expected. The participants mean BMI fell within the 
normal category weight range at 22.6 ± 3.5. Most participants were single (87%), non-
smokers (92%) and there was a high percentage of participants (69%) who reported they 
regularly exercised for at least 1 hour per week (mean 4.1hrs ±3.3). Participants reported an 
average alcohol consumption of 6 units of alcohol per week (range 0-40 units) with 8% of 
participants stating they were actively dieting and 28% dieting within the last six months. 
Excluding contraceptives, 9.6% of participants reported taking medium or long-term 
prescription medication, participants were excluded if medication could impair cognitive 
performance. Eligible participants were entitled to claim lab tokens for participation in the 
study as part of the Faculty undergraduate research participation scheme. After completing 
the reasoning task in full, 49 participants also undertook the flanker task reported in chapter 
8. 
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Measures 
The following measures were used with the participants and the procedural protocol 
(appendix F) confirms the order of presentation.1 Unless indicated, all participants completed 
all measures in full. 
Positive Affect Negative Affect Schedule (PANAS) (Watson, Clark, & Tellegen, 1988) 
as before was used to assess participants’ self-reported emotional state or trait feelings of 
positive and negative affect to ascertain both a State score (participants’ levels of affect that 
day) and a Trait score (their levels of affect over preceding weeks). The scale had strong 
internal consistency for both positive α.90 and negative α.88 affect.  
The Dutch Eating Behaviour Questionnaire (DEBQ) (Van Strien, Frijters, Bergers, & 
Defares, 1986) was retained to quantify eating behaviour traits. All participants reported their 
eating behaviour with respect to Restraint, Emotional and External eating behaviours. The 
study Cronbach’s alpha for the three eating behaviour traits were α .91, α.92 and α .89 
respectively.  
The shortened version of the Food Knowledge Questionnaire (Parmenter & Wardle, 
1999) was maintained for use with participants predominantly as a means to control for the 
possible influence of food knowledge, although recognition of the limitations of the measure 
as noted in the previous chapter remain. There was missing data for 1 participant relating to 
this measure. 
The UPPS Impulse Behaviour Scale (Whiteside and Lynam, 2001) was maintained to 
assess impulsivity. Internal consistency for the four factors within the sample was as follows: 
negative urgency α .89; lack of premeditation α.88; lack of perseverance α.83 and sensation 
seeking α .91. 
The Power of Food Scale (PFS) (Lowe et al., 2009), again appears reliable as a 
measure of motivational drive or hedonic wanting for food with an overall Cronbach’s alpha 
of .93. In relation to the PFS subscale domains, which measure motivational response to food 
based on proximity, the Cronbach’s alphas were as follows: food present α.89; food available 
α.91 and food tasted α.80.  
The Food Preference Checklist taken from the Leeds Food Choice Questionnaire ( 
Hill, Leathwood, & Blundell, 1987; Larsen et al., 2010) was introduced as a means to 
                                                          
1 As with the other chapters where measures have previously been described, only 
summaries will be presented here. 
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measure participants hedonic liking for foods. Participants were asked to review a list of 32 
foods and state with a Yes/No response if they wanted to eat that food at that time. In 
addition, participants were asked to rate their liking for the taste of the food on a scale 
ranging from 1 “completely dislike” to 9 intense liking”. The 32 foods were a mixture of 
protein, carbohydrate and high and low fat sweet and savoury foods. The measure produced 
two different scales; the food preference score an indication of the participants’ receptivity to 
consume food post testing, whereas the liking scores an indication of the stated personal 
preference for foods. There was missing data for 4 participants relating to their preference to 
consume listed foods, and missing data for 1 participant relating to their liking score. 
The Obesity Model Questionnaire (Ogden & Flanagan, 2008; Ogden et al., 2001) was 
retained to capture participants’ views about the causes and consequences of obesity.  
A Visual Analogue Scale (VAS) was used for evaluating participants’ state of fatigue, 
hunger, sleepiness and their self-efficacy in controlling their weight. For Fatigue, the Daily 
Fatigue Impact Scale (D-FIS)(Fisk & Doble, 2002) was used. This 8 item measure aims to 
quantify the impact on quality of life and function caused by chronic fatigue. Participants 
were advised that fatigue is a chronic state of tiredness, or lack of energy, experienced over 
an extended period consisting of a number of days or weeks. This is in contrast to sleepiness 
which was highlighted as a measure of their current state of tiredness that day. Participants 
responded to each item using a 5 point scale expressing the extent it was a problem to them 
with 1 = no problem and 5 = extreme problem. Example items include “because of fatigue, I 
have to reduce my workload or responsibilities” and “because of fatigue I have to limit my 
physical activities”. Both the fatigue and self-efficacy VAS were administered once whereas 
measures of hunger and sleepiness were taken either at two or three time points to account for 
change over the duration of the experiment depending on whether participants were 
undertaking the flanker task.  
Experimental Task 
 The causal conditional reasoning task took a similar format to the task presented in 
the previous two chapters. The experiment used both general causal conditional rules and 
obesity causal conditional rules from the validated items as described in Chapter 4. The items 
varied on the basis of believability, with half of the items highly believable and the other half 
of low believability. The obese causal conditional statements were all based on behavioural 
causal connections with obesity i.e. either eating behaviour or physical/exercise behaviour in 
an attempt to ensure participants were able to access their own beliefs about the 
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behaviour/weight relationship. The experiment was divided into speeded and free processing 
blocks in order to manipulate the time available for participants to respond. In both 
conditions, the rules were presented in the standard “if p then q” format with participants 
instructed to indicate the extent they felt the second part would follow on from the first part. 
An example of one of the high belief general CCR statements is “IF you sleep, THEN you 
will feel refreshed” and an example of a high belief obesity CCR statement is “IF you are 
active, THEN you will be healthy”. For the lab experiment the task was simplified to include 
only two of the standard logical formats; Modus Ponens (MP) “p therefore q” and Affirming 
the Consequent (AC) “q therefore?” MP when presented offers a logically valid conclusion 
based on a presentation that matches the original causal reasoning premise. In contrast with 
AC, if participants endorse the conclusion presented they are drawing an inference from the 
consequence of the statement, when indeed other possibilities may be the case, and therefore 
this is an invalid judgement. Some unexpected items were introduced into each block in order 
to break up any predictability effect. For unexpected items, the conclusion that is presented is 
not part of the original statement that participants are shown. This prevents participants 
responding purely based on repeated exposure, as opposed to using cognitive reasoning 
processes. The unexpected items were excluded from the resulting analysis.  Figure 5.1 
provides a graphic representation of the presentation of items, including timings, for each of 
the processing conditions as well as an example presentation of an unexpected item. 
In each condition block, participants were presented with 40 experimental items and 
10 unexpected items which were divided equally on the grounds of topic content 
(general/obese), form (MP/AC) and belief (high/low). Both the condition blocks and the 
reasoning items were subject to computerised random order presentation. Participants were 
required to decide on the causal connection between the two elements (the premise and the 
conditional) and respond on a 7 point scale how likely it was that the conclusion could be 
drawn from the premise; 1 representing “definitely cannot draw that conclusion” through to 7 
representing “definitely can draw that conclusion”. 
 
 
 
 
 
 
 
87 
 
a) 
 
b) 
 
c) 
 
Figure 5.1 Schematic of the experimental items presented a) reflects the timings and screen 
format in the free processing condition; b) represents the timings and screen format in the 
speeded processing condition; c) is the screen format using content from an unexpected item.   
Procedure 
Participants were recruited using the university online research site were participants 
can participate in research projects and if eligible receive lab tokens for the undergraduate 
research scheme in return for their participation. Participants were excluded from this study if 
they had taken part in the online study reported in Chapter 4. Participants were provided with 
relevant study information with informed consent obtained prior to the participant accessing 
the main body of the study. Participants were able to withdraw from the study at any time and 
were given researcher contact information for queries or to raise any areas of concern. On 
completion of the study participants were de-briefed. The study was approved by the 
university ethics committee (see appendix A).                          
Data analysis 
Initial analysis of variables ascertained distribution and accurate participation within 
the experiment. Two participants were excluded as they did not provide a response in at least 
85% of the trials. As this was a medium sized sample, normality and distribution of variables 
Statement 
screen 
(4000ms)
Given 
(500ms)
Premise 
(3000ms) 
Therefore 
(2000ms)
Conditional 
(1500ms)
Scale 
(5000ms)
Blank 
screen 
(750ms)
Statement 
screen 
(2500ms)
Given 
(500ms)
Premise 
(1750ms) 
Therefore 
(1500ms)
Conditional 
(750ms)
Scale 
(2000ms)
Blank 
screen 
(500ms)
If you are 
a 
politician 
then you 
will be rich
Given you are 
rich 
how likely 
is it you 
are
a nurse Scale
Blank 
screen
88 
 
was reviewed against z-score skew and kurtosis parameter of ±1.96 and the Shapiro Wilk 
test. Descriptive statistics for all the questionnaire and task variables are provided in 
Appendix G. Table 5.1 summarises the descriptive statistics for experimental variables.  
Trait and State negative affect were positively skewed (z = 3.027 and 5.563 
respectively) indicating lower levels of negative affect in the population. In relation to the 
Obesity Model Questionnaire, both behavioural causes and medical consequences were 
negatively skewed with increased endorsement of behavioural causes and medical 
consequences of obesity than expected if normally distributed. The Food Knowledge 
Questionnaire was also negatively skewed, in particular participants’ nutritional knowledge 
was high. Both questionnaire and experimental variables were reviewed for outliers but, as no 
individuals were outliers consistently across the questionnaire or experimental data no 
participants were excluded from the analysis.  
The experimental results was subject to analysis using repeated measures ANOVA. In 
the event of a violation of the sphericity assumption Huynh-Feldt statistic is presented. Where 
post hoc t-tests were conducted Bonferroni corrections were applied. In order to assess the 
variation in causal conditional reasoning by individual differences in eating behaviours, 
mood, food knowledge and BMI, Spearman’s rho correlation analysis was adopted.  
 
Table 5.1 
Summary Description of Reaction Times and Response Variables for the Free and Speeded 
Conditions for General and Obesity Related Content. 
Experimental 
Variable 
Skew 
Statistic 
Std. 
error 
Z 
score 
Kurtosis 
Statistic 
Std. 
error 
Z 
Score 
Resp Free G -0.464 0.26 -1.795 
 
-0.502 0.517 -0.833 
 
Resp Free O -0.518 0.26 -1.924 
 
-0.575 0.517 -1.160 
 
Resp Speed G -0.540 0.26 -1.981 
 
-0.512 0.517 -1.004 
 
Resp Speed O -0.373 0.26 -1.354 
 
-0.805 0.517 -1.592 
 
RT Free G -0.224 0.26 -0.814 
 
0.482 0.517 0.813 
 
RT Free O 0.039 0.26 0.053 
 
0.327 0.517 0.548 
 
RT speed G 0.216 0.26 0.745 
 
0.044 0.517 0.058 
 
RT Speed O -0.272 0.26 -1.004 
 
0.945 0.517 1.731 
 
Resp = participant responses; RT = reaction time; G = general content; O = obesity content 
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5.3. Results 
The sample is described in relation to published norm scores for questionnaire 
measures in Table 5.2 with an overview of the correlation between measures presented in 
Table 5.3.  
The participant responses in general fall within expected population variance based on 
a range of two standard deviations from the mean. Many of the expected correlations between 
measures are present in the sample, in particular those relating to eating behaviour and 
motivation to consume foods. 
Table 5.2 
Descriptive Statistics of Key Psychological Questionnaire Measures 
 
* No standard deviation norm data available 
 
 
Questionnaire Measures Research 
Sample 
Mean ± SD 
Published  
Norms 
Mean ±SD 
Positive Affect _ Trait 31.0 ±7.4 32.0 ±7.0 
Negative Affect _Trait 18.0 ±6.2 19.5 ±7.0 
Positive Affect _State 27.8 ±6.3 29.1 ±8.3 
Negative Affect _State 13.5 ±4.0 16.3 ±6.4 
Power of Food Scale (PFS)  2.7 ±0.9 1.73 * 
PFS  - Food Available 2.6 ±1.0 1.48 * 
PFS - Food Present 3.0 ±1.0 1.9 * 
PFS - Food Tasted 2.7 ±0.9 1.80 * 
DEBQ - Restraint 2.3 ±0.9 2.21 ±0.9 
DEBQ - Emotion 2.5 ±0.8 1.92 ±0.7 
DEBQ – External 3.2 ±0.7 2.66 ±0.8 
UPPS - Urgency 23.1 ±5.0 32.87 ±8.96 
UPPS - Lack Premeditation 28.3±6.5 21.85 ±5.24 
UPPS - Lack Perseverance 20.2 ±4.1 19.90 ±4.91 
UPPS - Sensation Seeking 34.8 ±7.4 26.11 ±6.76 
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Table 5.3: Correlation Table of Primary Psychological Variables  
Significance: *<.05 **<.0
Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1. BMI -                 
2. Positive Affect Trait .003 -                
3. Negative Affect Trait 
 
-.042 -.002 -               
4. Positive Affect State -.112 .469** -.084 -              
5. Negative Affect State .012 -.098 .629** .022 -             
6. Power of Food Scale -.055 -..055 .167 -.180 .050 -            
7. PFS – Food Available -.056 -.076 .149 -.202 -.039 .913** -           
8. PFS – Food Present -.087 -.101 .101 -181 .038 .892** .750** -          
9. PFS – Food Tasted -.044 .092 .298** .090 .177 .788** .596** .601** -         
10. Restraint Eating .233* -.018 .085 -137 -.019 -.072 .010 -.085 -.112 -        
11. Emotional Eating -.055 -.094 .335** -.143 .215 .447** .448** .395** .309** .046 -       
12. External Eating -.169 -.152 .244* -.193 .040 .725** .668** .678** .54.3** -.083 .535** -      
13. Self-Efficacy weight control  -.316** .265* -.247* .318** -.126 -.218* -.275* -.164 -.100 -.470** 287** -.241* -     
14. Urgency -.056 -.205 .438** -.175 .204 .255 .248* .210 .256* .169 .384** .318** -.495** -    
15. Lack Premeditation -.097 -.104 .042 -.273* -.104 .126 .167 .207 .013 .070 .259* .182 -.256** .415** -   
16. Lack Perseverance .079 -.424** .131 -.317** .059 .278* .273* .287** .126 -.052 .259* .324** -.238* .162 .257* -  
17. Sensation Seeking .087 .196 -.051 .276* .075 .065 -.116 -.008 .073 -.167 -.060 -.158 .136 .027 .058 -.065 - 
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Some differences are apparent in relation to trait and state mood affects, with trait 
negative affect showing the consistent positive correlation with increased emotional rs = .335 
p =  .002 and external rs = .244 p =.026 eating behaviours, whereas state positive affect is 
more clearly associated with negative correlations with the majority of impulsivity factors.  
Participants’ self-efficacy in their ability to control their weight again has a very clear and 
consistent pattern across the measures. Increased confidence being related to more positive 
affect, e.g. PA state rs = .318, p = .003 and a lower inclination towards reporting less healthy 
eating behaviours, hedonic motivation towards food and impulsivity. As with other studies 
within the thesis there were few correlations between measures and BMI however, with this 
sample there as a small correlation with restraint rs = .233 p = .035 combined with a negative 
correlation with self-efficacy in weight control rs = -.316 p = .001 but still no evidence of the 
relationship with other eating behaviours that is seen in the wider literature. This provides 
further support to the proposition that the lack of relationship between BMI and questionnaire 
measures is a reflection of a situation where eating behaviour trait and hedonic wanting for 
food are present in individuals, but the physical manifestation of those eating behaviour traits 
has not become apparent in body weight. 
5.3.1. Causal Conditional Reasoning Task 
In order to examine participants’ causal reasoning performance responses for the MP 
and AC statements were analysed separately using 2 x 2 x 2 repeated measures ANOVAs 
containing the factors topic (General v Obesity), processing condition (Speeded v Free) and 
belief (High v Low).  
Modus Ponens - Results of participant responses indicated significant main effects of 
topic F(1,82) = 17.68, p < .001, ƞp2 = .18, condition  F(1,82) = 4.76, p = .032, ƞp2 = .06 and 
belief F(1,82) = 39.42, p < .001, ƞp2 = .32. In addition there was a significant interaction 
between processing condition and belief F(1,82) = 5.92, p =.017, ƞp2 = .07. Post hoc tests 
indicated participants had lower endorsement of conclusions for the obesity related tasks 
t(82) = 4.20, p < .001, this indicates that for obesity related causal tasks, there is significantly 
more belief bias, or automatic processing influencing responses, as opposed to a controlled 
and logical response. The post hoc analysis also confirmed the expected endorsement of high 
belief items (mean  8.1 ±0.8) was greater than for low belief items (mean 7.2 ±1.8) t(82) = 
6.28, p < .001 which confirms that independent of topic, the belief bias effect dominates 
logical reasoning processes.  
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Post hoc analysis was undertaken to investigate the interaction between processing 
condition (Speeded v Free) and belief (High v Low). A repeated measures 2 x 2 ANOVA was 
run for general and obese related topic separately. The analysis indicated a significant main 
effect of belief for general items, F(1,82) = 30.91 p <.001, ƞp2 = .27, and significant main 
effects of both speed, F(1,82) = 5.00, p = .028, ƞp2 = .06, and belief, F(1,82) = 38.86, p < 
.001, ƞp2 = .32, for obese items. With paired t-tests using an adjusted p value of .025, 
confirming the only a significant difference in responses was for the low belief obesity items 
t(82) = 2.39, p = .019 as illustrated by figure 5.2. This means that in relation to low belief 
items, the automatic processing route drives participant responses. But, in relation to low 
belief items with obesity related content, there is a significant difference in the activation of 
more logical, analytical processes when participants are reasoning under time pressure, 
compared to when reasoning without time pressure.  
When considering reaction times, the expected main effect of condition was apparent, 
F(1,82) = 385.05, p < .001, ƞp2 = .82, with a mean RT for the free condition of 2566ms 
compared to a mean RT of 1633ms for the speeded condition. There was a main effect of belief, 
F(1,82) = 21.24, p <. 001, ƞp2 = .21, with participants quicker to respond to the high belief 
items. Finally, there was a significant effect of topic content F(1,82) = 4.35, p = .040, ƞp2 = 
.05, with participants marginally quicker to respond to the general items than the obese 
content for the MP trials. This reaction time analysis indicated that the experimental design 
itself was successful with the key manipulations of belief and processing speed condition 
evident. 
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a) 
 
b) 
                      
Figure 5.2 Representation of participants’ responses to high and low belief MP items in both 
the free and speeded processing conditions. a) Illustrating responses to general content items 
and b) illustrating responses for items with obese related content 
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Affirming the Consequent – Results indicated a similar pattern to MP with a 
significant main effect of topic, F(1,82) = 8.37, p = .005, ƞp2 = .09, and belief,  F(1,82) = 
47.79, p < .001, ƞp2 = .37, but  there was no main effect of processing condition. The 
interaction between topic and belief was significant although the effect size was minimal, 
F(1,82) = 4.51, p = .037, ƞp2 = .05. Mean scores showed participants had marginally higher 
endorsements of AC conclusions for the obesity items (6.7 ± 1.3) compared to the general 
items (6.5 ± 1.4) with the expected high belief (7.0 ± 1.2) versus low belief (6.2 ± 1.7) pattern 
present. Post hoc analysis of the interaction was undertaken separately for the free and speeded 
conditions using 2 x 2 ANOVA and the factors topic and belief. For the free condition, both belief, 
F(1,82) = 35.57, p = .005, ƞp2 = .30, and topic, F(1,82) = 5.36, p = .023, ƞp2 = .06 were 
significant, In the speeded condition, only belief was significant, F(1,82) = 40.82, p < .001, ƞp2 = 
.33. Figure 5.3 illustrates the outcome of the paired t-tests where the only significant 
difference in responses was for the high belief items in the free processing condition t(82) = 
2.94, p = .004 (Bonferroni p-value = .025). The responses pattern could indicate that in the 
AC condition, responses reflect evidence of the strength of association between causal 
elements driving the participant response, rather than indicating participants are undertaking a 
logical reasoning process. 
When considering reaction times, the expected main effect of condition was apparent, 
F(1,82) = 482.0, p < .001, ƞp2 = .85. The mean RT for the free condition was 2713ms 
compared to a mean RT of 1655ms for the speeded condition. There was a main effect of 
belief, F(1,82) = 22.04, p < .001, ƞp2 = .21, with participants quicker to respond to the high 
belief items. This again supports the assumption that the experimental design is largely 
effective, in that the manipulations of processing condition and belief were achieved. In 
addition there was a significant effect of topic F(1,82) = 12.05, p = .001, ƞp2 = .13 with 
participants responding faster to AC items with obesity related content,  
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a) 
 
b) 
 
Figure 5.3 Representation of participants’ responses to high and low belief AC items based on 
content type of items. a) Illustrating responses in the free processing condition and b) 
illustrating responses in the speeded processing condition. 
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analysis was to correlate the experimental data with questionnaire measures. There was no 
significant correlations between the participant responses and questionnaire measures. 
Seemingly eating behaviour, weight, food knowledge, mood or beliefs about obesity causes 
were not related to participant responses in this study. 
5.4. Discussion 
 The findings from this study are mixed when considered against my hypotheses. The 
results confirm that influence of belief in the causal relationship on participants’ willingness 
to endorse conclusions regardless of logical validity. The effect of belief was shown to be 
greatest in the speeded processing condition when compared to the free processing condition. 
The findings suggest that in general, participants’ automatic belief bias determines their 
reasoning response rather than logical processes. The influence of differences in activation of 
controlled cognitive processes, was only evident in two circumstances. Firstly, for low belief 
MP obesity items, where there was a significant increase in MP endorsement in the free 
processing condition compared to the speeded condition. Second, for high belief AC items in 
the free processing condition, where participants responded in a more controlled way for the 
general items in comparison to the obesity related items, where endorsements remained high. 
As with the previous studies participants reasoning performance based on the subject of the 
causal relationship was considered and the hypothesis that there would be a significant 
difference in response between topics was supported. Participants were less willing to 
endorse conclusions for obesity causal reasoning items when presented in a MP form, and 
marginally more willing to endorse conclusions for obesity causal items when presented in an 
AC form. When it comes to the final two hypotheses, the results did not indicate any 
relationship between eating behaviour traits and causal reasoning performance in this 
instance. 
 The results can be explained by the proposal that automatic belief bias influences 
people’s causal reasoning judgements more than logical validity (Evans et al, 2009). In 
addition although the results do still indicate that familiarity with the subject of the causal 
relationship is a factor in reasoning behaviour, as with Chapter 4 the strength of the 
interaction between topic and belief is negligible (ƞp2 .05). The results in combination clearly 
indicate that it is the automatic processing route that is driving causal reasoning responses, 
regardless of the time available to make inferences. Where items are of low believability 
there are some indications that there may be differences in the activation of controlled 
processing between processing conditions but this difference was only significant for the 
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obesity causal items, although the direction of difference was consistent. It would be of 
interest to see if clearer differences could be replicated in future research as at present it does 
hint at evidence that controlled, logical process pathways do not have an opportunity to 
clearly influence reasoning processes unless there is sufficient time available for the cognitive 
process to reach its conclusion. This is not to say that belief bias is not evident, but there are 
indications that its influence on low belief causal reasoning may reduce if participants take 
longer to reach their decisions. 
 The key aspect of the study however that did not produce any significant findings was 
when considering the relationship between participants reasoning performance and their 
eating behaviour traits. Indeed unlike Chapters 3 and 4 none of the psychological measures 
correlated with the experimental data. One possible explanation for this could be that the 
change in conditions of the task removed the need, or capacity, for participants to make use 
working memory or executive function. The intention was to replicate many aspects of the 
previous published studies causal reasoning tasks, by switching to a lab-based design where 
participants responded to causal reasoning stimuli on the screen, as opposed to the previous 
two studies where participants having free time to respond via an online reasoning task. This 
change does allow more direct control over participant behaviour and enables a robust 
manipulation of reasoning processes, but perhaps incidentally this also led to participants 
disengaging from the logical reasoning aspect of the task, and responding based almost 
purely on strength of association and prior belief. 
 A separate explanation that must be considered relates to the previous research 
looking at restraint and cognition. Although the results in Chapters 3 & 4 indicated a negative 
relationship between restraint and causal reasoning ability, alternative studies have indicated 
that the detrimental relationship with cognition is only present in active dieters, as opposed to 
individuals with more general restraint tendencies (Green, et al., 1997, 1994). The number of 
active dieters within this population is very small (8%), therefore the possibility must be 
considered that there was not a sufficient number of dieters participating to make effects of 
restraint clear. The limitation of there being a small number of dieters meaning a direct 
comparison of dieters versus non-dieters could not be made. A need for the future is for the 
study to be replicated allowing for a direct investigation of dieting effects to be made 
alongside trait tendencies. 
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5.4.1 Conclusion 
 The findings presented here provide further support for the theory that automatic 
belief bias drives people’s causal reasoning judgements. Further that increased familiarity 
with the subject of causal relationships, in this case the causes of obesity rather than general 
causal relationships, means that personal experience and belief will reduce the influence of 
logical reasoning processes. The relationship between eating behaviour, specifically restraint, 
was not seen in the results and this may indicate that actively dieting may be a key factor in 
the relationship between eating behaviour trait and causal reasoning performance. The wider 
implications for this will be the acknowledged in the general discussion of the thesis in 
Chapter 9. 
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Chapter 6: The Relationship between Eating Behaviour Traits and Ability 
to Inhibit Distraction from Food Pictures. 
6.1. Introduction 
The second stream of research within the thesis focuses on individual differences in 
cognitive processing in relation to distraction from food images in the environment. This is of 
interest in particular due to the recognition of the increasing level of exposures to food related 
stimulus in the environment that people are experiencing (Burgoine et al., 2014; Wadden, 
Brownell, & Foster, 2002). The literature review has highlighted the evidence for 
environmental influences on weight gain  (Martin et al., 2014), but also the apparent 
heightened temptation for food experienced by certain individuals which can trigger periods 
of over-eating or consumption of palatable foods (Cornell, Rodin, & Weingarten, 1989; Lowe 
et al., 2009). The cues to the availability of food in the environment triggering activation of 
reward systems in the brain in the same way experienced when eating the food itself 
(Johnson, 2013). 
Research has differentiated between peoples hedonic “liking” and “wanting” for food, 
their motivational drive (Berridge, 2004; Finlayson, King, & Blundell, 2007; Lowe & Butryn, 
2007). The evidence indicating that actual taste preference or liking for foods does not differ 
based on body size. However, overweight and obese individuals do show increased hedonic 
wanting. Further suggestions of an automatic motivational bias towards food in obese people 
is apparent in enhanced food cue reactivity seen in behavioural, electrophysiological and 
fMRI  responses (Beaver et al., 2006; Castellanos et al., 2009; Nijs, Franken, & Muris, 2010; 
Stoeckel et al., 2008). Neural studies indicate hedonic responses to food seen in obesity are 
similar to those evident with drug use and other addictions (Kenny, 2011). However, results 
can be mixed (Dobson & Dozois, 2004; Ochner, Green, van Steenburgh, Kounios, & Lowe, 
2009). It is logical to consider whether a heightened automatic response towards food is 
present only in a sub-group of obese populations. Increased levels of external eating 
behaviour, as suggested in other research (Nijs, et al., 2010), would be expected to be 
associated with an increased draw towards various food stimulus. External eaters report 
increased sensitivity and responsiveness to food in the environment; sights, smells and taste, 
and greater hedonic motivation to consume food over and above physical need or liking 
(Brignell, Griffiths, Bradley, & Mogg, 2009; Hou et al., 2011). Individuals with increased 
hedonic wanting for food, when exposed to food  directly or indirectly within the 
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environment, are likely to experience conflict which could either be seen in terms of a 
persistent draw towards food, or constant resistance of food temptation.  
This study uses food pictures in a modified Eriksen Flanker task (Eriksen & Eriksen, 
1974) to investigate whether external eaters in particular, have increased levels of conflict 
when exposed to multiple foods in the environment. Previously, pictorial flanker tasks, using 
smoking and drug related pictures have been successfully used in addiction research 
(Franken, van Strien, Franzek, & van de Wetering, 2007; Luijten, van Meel, & Franken, 
2011). The Flanker task investigates cognitive conflict between several simultaneously 
presented stimuli. More specifically, a response-relevant central target picture and several 
response-irrelevant flanking picture distracters are presented simultaneously. The information 
conveyed by flanking stimuli can facilitate the target response (congruent condition) or 
conflict with the target information resulting in a delayed response (incongruent condition). 
The difference between the congruent and incongruent condition is the “flanker effect”. 
Overall responsiveness to stimuli is seen in participant reaction times, but is not the primary 
focus of the task. The primary goal of the flanker task is to investigate levels of conflict 
caused by flanking stimuli distracting attention away from the target stimulus. Using food 
picture stimuli the aim is to investigate responses to palatable food pictures when presented 
as a target or distractor. In addition the study will focus on the relationship between the 
modulations of flanker effects by food palatability, and eating behaviour trait. As hedonic 
wanting for food is proposed to be related to palatability (Finlayson, et al., 2007; Gearhardt, 
2011), with high fat, high sugar foods deemed highly palatable, the food pictures have been 
grouped on this basis; low fat/ low sugar (least palatable food and quasi baseline food group), 
low fat/ high sugar, high fat/ low sugar, & high fat/ high sugar.  
Eating behaviour trait is not the only anticipated influence on cognitive processing we 
aim to investigate. As highlighted in Chapter 3, past research has indicated an influence of 
mood on cognition (Bj⊘rnebekk, 2008) and a clear association between negative affect and 
eating behaviour in particular (Ganley, 1988; Jansen, Havermans, et al., 2008; Jansen, 
Vanreyten, et al., 2008). Negative affect is generally associated with reduced motivation to 
achieve and a general reduction in cognitive performance (Wilson, Sayette, & Fiez, 2014). In 
contrast, positive affect has been associated with both positive and negative cognitive effects 
but it has been proposed that  increased levels of positive affect lead to the tendency to adopt 
a less controlled, more global cognitive strategy(Oaksford et al., 1996; Phillips, Bull, Adams, 
& Fraser, 2002). This latter tendency in the context of this study likely to be evident through 
an increased tendency to be distracted by flanking stimuli.   
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In the preceding chapters, affect was shown to be related to participants’ causal 
reasoning performance. Chapter 3 indicated that increased levels of positive affect was 
associated with increased accuracy in causal reasoning for obesity with negative affect related 
to decreased accuracy in obesity causal reasoning. However the results in chapter 4, although 
having the same directional trend between affect and logical causal reasoning accuracy about 
obesity, did not reach statistical significance. Further in Chapter 5 when a more applied, 
probabilistic reasoning process was used, the mood effects were not apparent at all. Therefore 
it is unclear whether when adopting a paradigm such as this, which arguably is attempting to 
investigate applied cognitive processes, any influence of affect will be present but it is clearly 
appropriate to consider its relevance in this context also.  
 
6.1.1. Hypotheses 
I hypothesise that this study will show that: 
1. Cognitive conflict to food will increase when more palatable foods are displayed as 
distracters.  
2. External eaters will demonstrate increased cognitive conflict when exposed to food 
stimuli  
3. The flanker effect for external eaters will be at its greatest when palatable food distractors 
are present.  
4. Participant levels of positive and negative affect will be related to cognitive processing as 
seen in behavioural responses and ability to inhibit distraction. 
 
6.2. Method 
Participants  
A statistical power analysis was performed for sample size estimation. Based on an 
alpha = .05, large effect size of .14 and power = 0.80, the projected sample size needed for 
the repeated measures ANOVA analysis was 16 (Faul, Erdfelder, Lang, & Buchner, 
2007).This behavioural study was conducted with 36 participants however, 5 participants did 
not achieve 70% accuracy of responses and so were excluded leaving 31 participants in the 
final analysis. Of these participants 61.3% were female and 38.7% male. Their mean age was 
24 years ± 9 years. The majority of the participants were undergraduate students (54.8%), a 
further 32.3% had undertaken postgraduate level education and the remaining 12.9% had not 
undertaken degree level education.  The mean BMI fell within the normal category weight 
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range at 24.2 ± 5.0. Participants consumed on average 7.9 units of alcohol per week (range 0-
25units). Within the sample 87.1% were non-smokers, 22.6% were actively dieting and 
67.7% were regularly exercising for at least 1 hour per week.   
Measures 
The Dutch Eating Behaviour Questionnaire (DEBQ) (Van Strien, Frijters, Bergers, & 
Defares, 1986) was the measure chosen to measure eating behaviour traits. The DEBQ is a 
validated measure used in eating disorder and obesity research with three subscales designed 
to assess an individual’s level of Restraint, Emotional and External eating behaviour. 
Participants respond to items on a five-point scale ranging from 1 “never” to 5 “very often”.  
An example item on the restraint scale would be “do you deliberately eat less in order not to 
become heavier?”; an emotional eating item example is “do you have a desire to eat when 
you have nothing to do?”; and an example of an item from the external eating scale is “Do 
you eat more than usual, when you see others eating?”. Internal consistency of the 
questionnaire has been established with Cronbach’s α for the three scales of .80 (external), 
.94 (emotional) and .95 (restraint). The DEBQ has been used extensively in published 
research which has established the measures external validity and test-retest reliability. 
(Wardle, 1987) 
Power of Food Scale (PFS)(Lowe et al., 2009) addresses individual’s motivational 
drive or hedonic wanting for food. The PFS measures appetite for, as opposed to 
consumption of, palatable foods at three levels of proximity, when food is “present”, 
“available” and “tasted” with factor analysis confirming the scale is best represented as both 
three subscale domains and an aggregate domain. Participants respond on a five-point scale 
ranging from 1 “don’t agree at all” to 5 “strongly agree” the extent an item describes them. 
Example items include “I find myself thinking about food even when I’m not physically 
hungry” and “If I see or smell a food I like, I get a powerful urge to have some”. Validity and 
reliability of the scale has been established with Cronbach’s α of .81 and .91 based on a 
clinical obese or general sample and an adequate test-retest (r = .77, p < .001) (Cappelleri et 
al., 2009; Lowe, et al., 2009). The PFS is a relatively new measure of eating behaviour and 
cognitions about food but has been previously used in obesity research where its scores 
correlate significantly with external eating (Cappelleri, et al., 2009; Schultes, Ernst, Wilms, 
Thurnheer, & Hallschmid, 2010) 
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Positive Affect Negative Affect Schedule (PANAS) (Watson, Clark, & Carey, 1988)  
was used to asses participants self-reported emotional state or trait feelings of affect. The 
scale consists of 20 adjectives relating to different feelings or emotions with participants 
asked to indicate on a five-point scale, ranging from 1 “very slightly/not at all” to 5 
“extremely”, the extent  they had experienced a particular emotion both on the day of testing 
(state score), and the preceding two weeks (trait score). PANAS has two subscales, the 
positive affect  subscale (PA) reflecting an individuals’ level of energy, excitement and 
enthusiasm and the negative affect subscale (NA) covering a range of negative moods such as 
anger, guilt, fearfulness, disgust and depression. The scale has high reliability across 
timescales with Cronbach’s coefficient α .90 (PA) and α .87(NA) for state score (today) and 
α.87 (PA & NA) for trait scores (two weeks). Previous research has established good test-
retest reliability which indicates stability in mood temperament as the length of time-frame 
increases (Watson, et al., 1988).  
Hedonic Liking was measured using an 11-point Food Preference Ratings Scale 
(FPRS) adapted from the original hedonic scale (Peryam & Pilgrim, 1957).  A series of food 
pictures taken from the Leeds Food Choice Questionnaire (Hill, Leathwood, & Blundell, 
1987; T. M. Larsen et al., 2010) were presented to participants who then named and rated the 
foods pictured. Ratings were based on participants liking for the taste of the food item shown 
with the scale ranging from 0 “intense dislike” to 10 “ intense liking”. The food pictures were 
representative of the four food categories used in the experiment: Low Fat Low Sugar 
(LFLS), Low Fat High Sugar (LFHS), High Fat Low Sugar (HFLS) and High Fat High Sugar 
(HFHS 
Experimental Task 
The experimental task was programmed in e-Prime 2.0. Screen resolution on the 
display was 1024x768 and the refresh rate was 60hz. All testing took place in a dimly lit 
room with screening in place to minimise glare. The task undertaken was a modified Eriksen 
flanker task (Eriksen & Eriksen, 1974). In the task, the participant was asked to make a 
response choice about a centrally presented target stimulus i.e. food picture 1 required a 
response with the left index finger; food picture 2 required a response with the right index 
finger. The participant response to the target was to be undertaking while ignoring flanking 
distractor stimuli that were presented around the target stimulus (see Figure 6.1). Participants 
were positioned 54cm from the display monitor. Individual images used were all 
160x120pixels with a visual angle of 5°x 3° with all 9 images presented in grid form creating 
a total visual angle of 15° x 9°.  Participants were required to respond to the central target as 
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swiftly and accurately as possible. The trial started with the presentation of a fixation cross. 
All stimuli were presented on a light grey background. In each trial the flanking stimuli were 
presented for 50ms before the central target stimulus was added to the display. Both flanker 
and target stimuli then remained on the screen for 150ms after target onset and were replaced 
by the display of a fixation cross for 1800ms between trials. There was an equal amount of 
congruent and incongruent trials. The same food picture was shown as target and flanker 
stimulus for congruent trials. In the incongruent trials, a conflict between opposing response 
choices was induced as the target stimulus required one response choice while the flanking 
stimuli automatically triggered the alternate response choice. The resolution of this response 
conflict requires time. 
 
 
Figure 6.1 Schematic representation of an example of an incongruent palatable distractor trial 
where there is a LFLS target and HFHS flankers 
   
The stimuli used in the task were externally validated food pictures taken from the 
Leeds Food Choice Questionnaire (Hill, et al., 1987; Larsen, et al., 2010). As we were 
interested in whether ability to inhibit distraction for food varies dependent on food group, 
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the study paired Low Fat Low Sugar (LFLS) food pictures, serving as a baseline as the least 
palatable food group, with pictures from the other three food groups: Low Fat High Sugar 
(LFHS), High Fat Low Sugar (HFLS) & High Fat High Sugar (HFHS). This way, three 
experimental comparisons based on food group were created and presented in separate 
blocks: LFLS v LFHS, LFLS vs. HFLS, and LFLS vs. HFHS. The LFLS picture changed 
between conditions with the within comparison pictures matched on visual appearance, shape 
and luminance an example of which is provided in table 6.1.  
 
Table 6.1 
Example of Stimulus Luminance Values by Experimental Block 
Condition LFLS Stimulus Comparison Stimulus 
LFLS v LFHS Salad 185.54 Fruit Salad 184.76 
LFLS v HFLS Chicken 163.99 Sausages 160.22 
LFLS v HFHS Bread 195.58 Doughnut 194.02 
 
Each experimental comparison was presented in four consecutive blocks, each 
consisting of 96 trials leading to a total of 12 blocks. Participants did undertake a training 
block of 20 trials consisting of stimulus from across all conditions and providing feedback on 
performance on accuracy and speed of response. In addition for each condition an additional 
12 tailored training trials with feedback were completed prior to participants commencing the 
experimental trials. Participants were given breaks between blocks to avoid fatigue and 
maintain basic attention levels. Both experimental condition order and stimulus-response key 
assignment were counterbalanced across participants.   
Procedure 
After obtaining informed consent, participants’ hedonic liking for food was taken 
using the food preference rating scales. Participants then completed the experimental task. 
Following the experiment task participants provided basic demographic information and 
completing the questionnaire measures in the following order: PANAS, DEBQ and PFS. 
Participants were debriefed prior to leaving the testing room. 
Data analysis 
Initial analysis of variables ascertained distribution and accurate participation within 
the experiment. Normality and distribution of variables was reviewed against a z-score 
skewness and kurtosis cut of +/1.96 and the Shapiro-Wilk test. Descriptives of psychological 
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and experimental variables is provided in appendix H. All questionnaire variables were 
normally distributed with the exception of Negative Affect which, when reported, was 
analysed using non-parametric tests. Questionnaire measures were evaluated in an initial 
correlational analysis using Pearson’s correlations unless otherwise specified. For the flanker 
task, the reaction time (RT) and error rate performance were analysed. Correct participant 
responses were included where reaction times were between 150-1000ms post target 
presentations and the same time window was used to determine choice errors (wrong 
response key). In addition to choice errors we calculated the percentage of anticipation errors 
(RT <150ms), late responses (RT >1000ms) and no responses. For both the RT and the error 
rate analysis we investigated the palatability effect by comparing responses to congruent 
palatable foods with the baseline condition (congruent LFLS) using t-tests. Flanker effects 
were calculated for each condition by deducting the mean for the congruent baseline trials 
(LFLS) from the incongruent trials for when the palatable food stimulus was the target and 
when the palatable food stimulus was the distractor. 3 For the statistical analysis of these 
effects 3 x 2 repeated measures ANOVAs were used to look at the factors of block (LFHS vs 
HFLS vs HFHS) and palatability (low vs high) in relation to RT’s, error rates and FE’s. In the 
event of a violation of the sphericity assumption Huynh-Feldt statistic was adopted. Post hoc 
t-tests were conducted and Bonferroni corrections applied. Finally, in order to assess the 
modulation of overall speed, accuracy and flanker effect sizes by individual differences in 
eating behaviours, hedonic wanting and liking for food, mood and BMI, questionnaire 
measures were correlated with the above mentioned flanker task measures. 
6.3. Results 
The sample is described in relation to questionnaire measures in Table 6.2. In 
comparison to published norm data this sample reports similar levels of state and trait 
positive and negative affect. In relation to eating behaviour the sample mean scores are 
numerically higher with respect to both the DEBQ and PFS but fall within expected 
population variance based on a range of two standard deviations from the mean. 
An overview of the findings from the correlation analysis of questionnaire measures is 
given in Table 6.3. As expected there were strong correlations evident between some 
questionnaire measures as well as within the PFS subscales. The PFS and External Eating 
scale both propose to measure individuals’ motivational drive, or hedonic wanting, to 
consume food in response to food stimulus in the environment. This is supported within the 
sample with the PFS aggregate score showing a strong positive correlation with the External 
Eating scale (r = .827, p < .001) with the PFS subscales individual correlations with external 
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eating ranging from r = .652 to r = .817 all p < .001. The PFS also correlated with emotional 
eating (r = .511, p = .003) and hedonic liking (PFS – Food tasted r = .454, p = .010). Within 
this context it should be noted that external and emotional eating subscales of the DEBQ also 
positively correlate with each other (r = .436, p = .014). 
 
Table 6.2 
Study Population Descriptive Statistics for Psychological Questionnaire Measures 
Questionnaire Measures Research 
Sample 
Mean ± SD 
Published  
Norms 
Mean ±SD 
Positive Affect _ Trait 30.9 ±5.4 32.0 ±7.0 
Negative Affect _Trait 19.4 ±7.9 19.5 ±7.0 
Positive Affect _State 30.1 ±7.3 29.1 ±8.3 
Negative Affect _State 14.8 ±5.0 16.3 ±6.4 
Power of Food Scale (PFS)  2.8 ±0.9 1.73 * 
PFS  - Food Available 2.7 ±1.1 1.48 * 
PFS - Food Present 3.0 ±1.1 1.9 * 
PFS - Food Tasted 2.8 ±0.8 1.80 * 
DEBQ - Restraint 2.7 ±1.0 2.21 ±0.9 
DEBQ - Emotion 2.5 ±0.6 1.92 ±0.7 
DEBQ – External 3.2 ±0.6 2.66 ±0.8 
Food Liking 25.8 ±4.6 None available 
Note. * No standard deviation norm data available 
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Table 6.3 Correlations of BMI and Psychological Questionnaire Measures 
 
Significance: *<.05 **<.005 
Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 
1. BMI -             
2. Positive Affect Trait .042 -            
3. Negative Affect 
    Trait 
.158 -.050 -           
4. Positive Affect State .157 .516** .163 -          
5. Negative Affect State -.010 -.281 .579** .084 -         
6. Power of Food Scale .213 -.116 .274 -.097 .375* -        
7. PFS – Food 
Available 
.293 -.080 .190 -.023 .304 .906** -       
8. PFS – Food Present .118 -.067 .219 -.247 .370* .885** .726** -      
9. PFS – Food Tasted .098 -.170 .294 -.015 .245 .766** .503** .567** -     
10. Restraint Eating .185 .129 .045 .015 -.026 .207 .272 .243 -.015 -    
11. Emotional Eating .434* -.063 .512** .052 .354* .511** .539** .398** .316 .139 -   
12. External Eating .034 -.153 .250 -.234 .280 .827** .652** .817** .680** .146 .436* -  
13. Hedonic Liking .316 .068 .300 .102 .368* .299 .148 .223 .454* -.167 .173 .175 - 
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Unsurprisingly, the PANAS mood subscales negative affect trait (rs = .512, p = .003) and 
state (rs = .354, p = .050) positively correlated with emotional eating. In addition hedonic 
liking was also positively correlated with state negative affect (rs = .368, p = .048). Finally it 
is interesting to note that emotional eating behaviour was the only psychological variable that 
correlated with BMI (rs = .434, p = .015) providing indications of the complex relationship 
between psychological elements, eating behaviours, mood and physical outcome.  
A key focus to the study is the relationship between the psychological aspects of 
eating behaviour and individual differences in levels of cognitive control when exposed to 
food stimulus. Having established the sample tested is largely representative of the normal 
population, the flanker task data was examined. 
6.3.1. Flanker Task - Reaction Times: 
Firstly, I analysed the influence of palatability on food picture processing. For this 
analysis I compared participants mean reaction times (RT) for all six congruent conditions 
which are presented in Table 6.4. 
 
Table 6.4  
Mean ±SD for Reaction Times (ms.) Comparing Congruent Baseline (LFLS) and Palatable 
Food Conditions 
Block  Congruent: Baseline 
(LFLS)  
Congruent: Palatable 
LFLS_LFHS 389 ±42 396 ±50 
LFLS_HFLS 395 ±45 400 ±41 
LFLS_HFHS 401 ±50 400 ±41 
Average 395 ±42 399 ±42 
 
The data appears to indicate no effect of palatability on reaction times. This was 
confirmed statistically using a repeated measure 3 x 2 ANOVA with the factors Block 
(LFLS_LFHS v LFLS_HFLS v LFLS_HFHS) and Palatability (low v high).  There was no 
significant main effects for the factors Block Type, F(2,60) = 1.46,  p = .240 and Palatability 
F(1,30) = 3.045,  p = .091. The interaction between factors was also not significant.  
As a second step I calculated flanker effects for each block and across blocks. Flanker 
effects were calculated by subtracting the baseline congruent condition from the incongruent 
condition within each block and for each incongruent trial type (palatable distractors v 
palatable targets). The resulting flanker effects were called FE distractor or FE target 
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respectively (see Table 6.5). This analysis was performed to investigate whether there are 
differences in response to incongruent trials depending on whether palatable foods are 
distractors or targets.  
 
Table 6.5  
Flanker Effects per Block Illustrated by Mean Reaction Times (ms) for the Baseline 
Congruent and Incongruent Conditions and net Flanker Effect for Palatable Distractor and 
Palatable Target Trials 
Block  Baseline 
C - LFLS 
 
IC 
Palatable 
Distractor 
IC 
Palatable 
Target 
FE 
Palatable 
Distractor 
FE 
Palatable 
Target 
LFLS_LFHS 389 447 ±41 449 ±44 58 ±22 60 ±23 
LFLS_HFLS 395 450 ±40 453 ±39 56 ±23 58 ±23 
LFLS_HFHS 401 454 ±42 454 ±46 53 ±22 53 ±26 
Average 395 450 ±41 452 ±43 55 ±22 57 ±23 
 
The results show a significant flanker effect evident across the task with participants 
slower to respond to incongruent trials than congruent trials. The mean reaction time for all 
congruent trials was 397 ± 42ms and for all incongruent trials was 451 ± 37ms creating a 
significant overall experimental flanker effect of 54ms, t(30) = 22.14, p <.001. A repeated 
measure 3x2 ANOVA with the factors Block (LFLS_LFHS v LFLS_HFLS v LFLS_HFHS) 
and Flanker Effect type (Palatable Distractor v Palatable Target) revealed no significant main 
effects of block, F(2,60) = .97, p = .383 or FE type F(1,30) = .53, p = .470. There was no 
significant interaction between factors.  
Participants overall RT (as indicated by congruency trial response) is negatively 
correlated with overall flanker effects (r = -.382, p = .034) which indicates that flanker effects 
were reduced for participants whose mean reaction time was slower.   
Overall, results do demonstrate the basic experimental task is effective with a 
significant flanker effect evident indicating participants experience more conflict when 
processing trials with distracting flanker stimulus. However, RT analysis shows no effect of 
palatability on either overall congruent reaction time or flanker effects.  
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6.3.2. Flanker Task - Errors 
Choice errors (incorrect responses), anticipation errors (<150ms), late responses 
(<1000ms) and no responses were all calculated. The mean percentage of anticipation 
responses by participants was .5% ± 1.4, for late responses participant mean was 0.6% ± 0.5 
and participants made a nil response on 1.5% ± 2.8 of trials. The mean choice error rate for 
the 31 participants was 8.4% ± 5. 
To begin the analysis of whether palatability affects error rates, congruent trial error 
rate percentages by trial type within block were calculated and are shown in table 6.6. 
 
Table 6.6 
Percentage Error Rates (SD) for Baseline and Palatable Foods  
Block  Congruent: Baseline 
(LFLS)  
Congruent: Palatable 
LFLS_LFHS 4.9 ±4.2 4.9 ±3.4 
LFLS_HFLS 5.3 ±4.0 4.4 ±3.7 
LFLS_HFHS 5.0 ±3.7 4.4 ±3.7 
 5.1±.56 4.6±.51 
 
Preliminary examination of the data indicates minimal differences and this was confirmed 
using a repeated measures 3 x 2 ANOVA using Block (LFLS_LFHS v LFLS_HFLS v 
LFLS_HFHS) and Palatability (low v high) as factors. Results showed no significant 
difference by either Block F(2,60) = .03, p = .966 or Palatability F(1,30) = 2.67, p = .112 
with no significant interaction present.  
An additional analysis was undertaken to determine if there was a difference in error 
rates depending on whether palatable food stimuli was the target or the distractor. The 
percentage error rates for incongruent trial types were calculated both for when the baseline 
has palatable distractors, and also when the palatable target has baseline distractors. The 
results are shown per block in table 6.7 alongside the error FE. Error FE’s are also shown 
depending on whether the palatable food is the distractor or the target. Error flanker effects 
were calculated by subtracting the error percentage for baseline congruent conditions from 
the error percentages for incongruent condition within each block and for each incongruent 
trial type (palatable distractors v palatable targets). 
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Table 6.7  
Baseline Congruent Errors Percentages, Incongruent Error Percentages and Error FE for 
Palatable Distractor and Palatable Target Trials per Block  
Block Type Baseline 
C - LFLS 
 
IC 
Palatable 
Distractor 
IC 
Palatable 
Target 
FE 
Palatable 
Distractor 
FE 
Palatable 
Target 
LFLS_LFHS 4.9 ±4.2 11.7 ±7.0 12.9 ±7.4 6.8±5.4 8.0±6.3 
LFLS_HFLS 5.3 ±4.0 13.1 ±9.4 11.5 ±8.4 7.8±7.8 6.2±6.4 
LFLS_HFHS 5.0 ±3.7 11.0 ±8.5 12.2 ±9.9 6.0±6.5 7.2±7.5 
Average 5.1±.56 11.9±8.3 12.2±8.6 6.9±6.6 7.1±6.7 
 
Participants made significantly more errors on incongruent trials (mean 12.0 ±7.6) 
compared to congruent trials (mean 4.8 ± 2.9) t(30)=7.052, p < .001. However a repeated 
measure 3 x 2 ANOVA with the factors Block (LFLS_LFHS v LFLS_HFLS v LFLS_HFHS) 
and error FE type (Palatable Distractor v Palatable Target) revealed no significant effects as a 
result of block, F(2,60) = .49, p = .616, or FE type F(1,30) = .35, p = .559. The ANOVA did 
indicate the interaction of block and FE type was nearing significance (F(2,60) =3.018, p = 
.056). Having examined the error FE plots the effect appears related to the LFLS_HFLS 
block where the error FE was greater for incongruent trials when the palatable food was the 
distractor compared to when the palatable food was the target, which is the opposite direction 
to the other two blocks. Post hoc t-tests undertaken on error FE type within each block 
however were not significant. In summary, the results in combination indicate there is not a 
significant linear effect of palatability on error flanker effects but there may be an interaction 
between food types and the ability to inhibit distraction that is related to either to another 
factor or a more specific aspect of palatability, for example fat content.  
6.3.3. Analysis of Flanker Task and Questionnaire Measures 
The third level of analysis was to correlate reaction times, errors and flanker effects 
with the questionnaire measures to try to determine if psychological or behavioural factors 
have a relationship with an individual’s ability to inhibit distraction from food stimuli.  
 
 
 
 
 
113 
 
Table 6.8 
Summary of Correlations Between key Psychological Measures and Flanker Task 
 
 
RT - 
C 
RT - 
IC 
FE 
Overall 
FE 
Target 
FE 
Distract. 
Positive Affect Trait -.090 .067 .382* 0.34 .378* 
Negative Affect Trait .624** .585** -.076 .012 -.159 
Positive Affect State -.079 .040 .293 .194 .359* 
Negative affect State .574** .548** -.105 -.116 -.08 
Emotional Eating .402* .358* -.199 -.096 -.281 
External Eating .277 .169 -.457** -.343 -.519** 
Restraint -.080 -.036 .206 .265 .117 
Note. **p<.01; *P<.05  C – Congruent, IC - Incongruent 
 
Table 6.8 shows that with regard to overall reaction times, negative affect and 
emotional eating behaviour show as significantly related to participant reaction times. 
Increases in participant negative affect both on the day of testing and as a more stable 
personality trait are related to a slowing in participant reaction times across trials. With 
regards to eating behaviours, emotional eating behaviour has a medium strength correlation 
with participant response speed, with increases in emotional eating related to slower reaction 
times. This is perhaps to be expected as emotional eating and trait negative affect have a 
medium strength correlation with each other. This pattern of relationship between 
psychological variables was consistent when congruent trials were examined on a group basis 
(Baseline Congruent v Palatable Congruent).  
With respect to overall flanker effects, the pattern of relationship differs (Table 6.8). 
Increased levels of trait positive affect is related to increased flanker effects (r =.382, p = 
.034) but overall flanker effects decrease alongside increases in external eating trait 
behaviour (r = -.457, p = .010).  When flanker effects were examined on the basis of whether 
the palatable food was a distractor or a target, it appears the key relationship between 
variables is evident for flanker effects when the palatable food is the distractor (r = -.519, p = 
.003). When the palatable foods are the distractors, in addition to positive affect and external 
eating behaviour having a relationship with flanker effects, increased scores on the PFS-Food 
Present subscale were also related to decreased flanker effects (r = -.363. p = .045). The 
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direction of results mean that when palatable foods pictures were distractors, participants 
high on the external eating scale and PFS-Food Present scale show less distraction than other 
participants.The results indicate that external eaters and individuals high on the PFS subscale 
– Food present in particular are exercising more cognitive control and an ability to inhibit 
responses to palatable food distractors. Individuals who report experiencing more positive 
affect (both on the day of testing and generally), demonstrate less cognitive control and show 
increased levels of distraction by palatable foods in particular. Results indicate distraction 
from the “target food” by “palatable food” is particularly relevant for eating habits (but 
potentially not the presentation of palatable foods as targets themselves). In summary, the 
direction of results mean that when palatable foods pictures were distractors, participants 
high on the external eating scale and PFS-Food Present scale showed less distraction than 
other participants. They appear to be particularly focused on the target at the expense of 
distractions. 
In relation to choice errors and error FE no significant relationships with 
questionnaire measures were evident. 
6.4. Discussion 
This study was looking at differences in individuals’ ability to inhibit distractions 
from food stimulus. The first hypothesis was that cognitive conflict to food would increase 
when more palatable foods are displayed as distracters. The results did not support this 
hypothesis with no significant evidence that palatability of foods influences levels of 
cognitive conflict experienced. There were some indications of an interaction between food 
type and errors, which may indicate a more complex relationship between individual’s food 
preference and the cognitive processing of food conflicts but this would need further 
investigation. Previous research had indicated external eaters experience increased hedonic 
motivation to consume palatable foods in response to food and food-related stimulus in the 
environment. Therefore, the second hypotheses was that external eaters would demonstrate 
increased cognitive conflict when attempting to inhibit distraction from food stimulus and  
additionally the flanker effect for external eaters would be further heightened for palatable 
food distractors. Although the results did not follow the direction of the hypothesis, they did 
follow the same pattern (but in the opposite direction to that anticipated). In contrast, external 
eaters, and those particularly responsive to the power of food – food present, show 
significantly less distraction by food stimuli indicating greater levels of cognitive control are 
being applied to the task.  
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To explain the unexpected result of this study I propose that external eaters are 
adopting a conscious strategy of engaging increased levels of cognitive control in order to 
attempt to inhibit their natural, automatic response tendencies. If individuals are conscious of 
their own tendencies in relation to eating behaviour (and many appear to be so) it could be 
that external eaters are motivated to attempt to maintain a degree of cognitive restraint. This 
means they maintain a controlled, effortful process of actively ignoring distraction from food 
stimulus in order to retain control over their behaviour. This would explain their ability to 
focus on the task (the central food target) and ignore the palatable food distractions better 
than other participants. The behaviour developing through the principle of habituation, i.e. a 
lifetime of a heightened motivational draw towards food, results in an ability to focus in on a 
food target, at the exclusion of all distractions, even when those distractions are other foods.  
Support for this theoretical explanation can be seen in research proposing that 
inhibition of automatic behaviours is a major element of self-regulation (Baumeister, 2014; 
Ent, Baumeister, & Tice, 2015). A number of studies have proposed that variation in 
motivation and willpower is related to effectiveness in applying dietary restraint or adoption 
of other health behaviours (Baumeister & Vonasch, 2014; Forman & Butryn, 2014). Further 
support for variation in motivation in predicting health behaviours has been found in both 
explicit and implicit measures (Keatley, Clarke, & Hagger, 2013). This highlights that 
“controlled” and “conscious” are not terms that are necessarily connected and certainly 
should not be taken to mean the same thing. In the instance of inhibition, and the cognitive 
processes we address in this and subsequent chapters, we are measuring both automatic and 
controlled processes, without participants’ conscious awareness or engagement in said 
processes. This aspect of definition, in particular in relation to dual process theory, is 
something that will be returned to in more depth in the general discussion in Chapter 9.  
Studies using the flanker task to investigate how individuals’ motivation interacts and 
influences cognitive control during conflicting behavioural conditions show evidence for top-
down control over-riding bottom-up stimulus response, even without participants’ conscious 
activation (Anderson & Folk, 2012; Padmala, 2011). fMRI has been adopted to demonstrate 
implicit contextual cues modulate performance in a way suggestive of an associative 
triggering of top-down control states(King, Korb, & Egner, 2012). EEG studies indicate 
motivation impacts on monitoring processes and prolonged vigilance within the task, 
motivation appearing to increase levels of cognitive control applied and reducing error rates 
(Bonnefond et al., 2011; Themanson, Pontifex, Hillman, & McAuley, 2011). 
116 
 
The findings illustrate a more intimate link between associative and controlled 
processing than traditionally assumed and indicates a possible controlled processing strategy 
of external eaters employing cognitive control to actively resist food distraction and supress 
their automatic response. I hypothesise that if this is true, this is an effortful strategy and 
where individuals’ willpower is affected by exposure to their “Achilles heel” food, or when 
under detrimental motivational states, such as fatigue or stress, this strategy is likely to fail. 
This would partially explain an individual’s difficulty maintaining weight loss or weight 
maintenance. But first there needs to be further evidence for variation in levels of cognitive 
control being related to eating behaviour trait before manipulations in participant state should 
be attempted. 
In relation to the final original hypothesis, the connection between mood and 
cognitive processing of distraction by stimulus, arguably the findings followed expected 
patterns. Negative affect was clearly associated with a reduced participant response to the 
target as shown by significantly slower reaction times. In general, increased levels of 
negative affect would be seen to be linked to a reduced motivation to perform or less 
engagement in a task. Increased levels of positive affect in the population did appear to 
reflect a more global processing perspective as demonstrated by increased flanker effects 
showing participants were more distracted by the flanking stimuli as their levels of positive 
affect increased. In this instance, participants had not particular incentive to perform, which 
has previously be shown to mediate the influence of positive affect, and this may explain why 
such a detrimental effect on ability to inhibit distraction was apparent. 
6.4.1. Limitations 
It is recognised that although the finding of a possible increased ability to inhibit 
distraction by food related to external eating behaviour is clearly significant, it is in the 
opposite direction to what we anticipated. The results are based on a small participant sample, 
albeit with a large number of experimental trials, and therefore need to be interpreted with 
caution. The findings need to be replicated in order to be seen as robust and this will be a goal 
of the subsequent study presented in Chapter 7. There are possible limitations with the stimuli 
used in this experiment which, although taken from a validated external measure, are quite 
clinical and indeed not designed to emphasise the attractiveness, or palatability, of food. This 
may mean that none of the visual stimulus was viewed by participants as particularly 
palatable – as opposed to our intention that participant perspectives of palatability would be 
manipulated across food categories. Participant feedback post testing did indicate a possible 
conflicted responses in relation to the LFLS baseline pictures, with some participants 
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referring to bread as one of their “tempting” foods.  As a result the question over whether 
individuals responses vary based on palatability may still remain. 
6.4.2. Proposal for Future Research  
As this preliminary study has limitations and many of the original hypotheses were 
not supported, further behavioural research is needed. The intention with the next study is to 
see if more evidence of variation in cognitive control based on eating behaviour trait can be 
found. It is also preferable to try and identify whether any effects are general or specific to 
food. In order to achieve this the subsequent Eriksen flanker experiments undertaken in 
Chapters 7 and 8 will use both food and non-food pictures (e.g. home and office objects). The 
use of food and non-food categories can be undertaken both as a within category design 
(Chapter 7) and as an across category design (Chapter 8). The study in Chapter 7 will allow 
for individual differences in cognitive control to be investigated more robustly and to 
determine if modulations are consistent across stimulus type or is specific to food. It is 
anticipated that the across category comparison of non-food and food in Chapter 8, as 
opposed to the within category comparison, is likely to result in different modulations of the 
flanker effect and the intention will be to include some variation of the food stimulus on the 
grounds of palatability to again attempt to tease out whether palatability is of relevance to 
distraction effects or not.  
6.4.3. Conclusions 
To conclude, this first behavioural study offers indications that individuals may be 
adopting a controlled cognitive processing strategy in order to inhibit their automatic 
response to food. If I can replicate these findings in the subsequent studies, this offers a  
significant move forward in understanding the cognitive processes individuals are 
undertaking and their possible role in explaining individual failings when used as part of an 
overall weight-loss strategy. In doing so, this opens up an avenue for developing and testing 
health psychology interventions that could be directed towards individuals with eating 
disorders.  
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Chapter 7: Modulation of Food and Non-Food Flanker effects by Cognitive 
Control 
7.1. Introduction 
The flanker study presented in the previous chapter tested differences in individuals’ 
ability to inhibit distraction from flanking food picture stimuli. The results showed that 
participants were slower to respond and made more errors when exposed to contrasting food 
images (incongruent trials) than when all the food pictures were the same (congruent trials). 
In addition the study indicated that there was a relationship between emotional and external 
eating behaviour traits, mood and the experimental data. One possible explanation for the 
results seen in the first flanker study is that some individuals may over time develop 
increased levels of cognitive control as a means to inhibit distraction from food stimulus in 
order to help them inhibit their automatic motivational draw towards food consumption. This 
increased level of cognitive control might be in place as long as enough cognitive resources 
are available. Stroebes’ goal conflict model of eating (Stroebe, 2008) suggests that although 
individuals are susceptible to hunger, satiety cues etc. they are motivated to consume food 
regardless of these cues, due to a heightened reward response to the palatability of food. The 
theory proposes that this conflicts with their goal to maintain a healthy weight status. It is 
suggested that successful dieters, or weight maintainers, are able to develop an association 
between the palatable food cue and the weight loss/maintenance cue (Papies, Stroebe, & 
Aarts, 2008). In contrast, individuals who gain weight over time experience goal conflict, 
where at times of stress, low cognitive resources etc. the goal to consume palatable food 
gains dominance over the normal controlled goal to maintain a healthy weight status (Stroebe 
et al., 2008). This study proposes to investigate the question of cognitive control further by 
looking at modulation in short term cognitive control by examining individual differences in 
processing responses to conflict trials. However at this initial stage, although factors such as 
hunger and tiredness will be controlled for, they will not be manipulated. Instead the intention 
of the study is to first test see if these individual differences in modulation can be established, 
and whether evidence for these differences relating to eating behaviour trait exists 
independent of homeostatic state. 
The term cognitive control refers to the ability to apply a controlled cognitive 
response over a more automatic, heuristic response. A classic example of where cognitive 
control can be seen is in relation to the Stroop task. In the Stroop task when faced with a 
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mismatch of colour word name and ink colour, application of cognitive control allows the 
suppression of the impulse to say the ink colour, a processing that is both effortful and error 
prone, whilst naming the colour word. The difference between participant’s performance on 
congruent trials, where the colour name and ink match, and incongruent trials, where the 
colour name and ink differ, is called the congruency effect. In the case of the flanker task 
introduced in Chapter 6, the principle is the same. The congruency effect illustrated by the 
difference in performance between congruent trials, where target and flanker stimuli are the 
same, and incongruent trials, where target and flanker stimuli differ (Eriksen & Eriksen, 
1974). Certain factors can influence the congruency effect and by examining these 
differences you can start to determine the level of modulation in cognitive control based on 
different conditions. Short term cognitive control modulation can be seen in different ways: 
On a trial by trial basis, more cognitive control is applied in the current trial if the preceding 
trial has been incongruent, i.e. the previous trial induced a conflict. This increase in cognitive 
control results in reduced congruency effects in both response times and errors because less 
consideration is being given to the automatic processing route. On the other hand, the 
congruency effect increases following congruent trials, where there has been no conflict, 
because here more consideration is being given to the automatic route (Clayson & Larson, 
2011; Gratton, Coles, & Donchin, 1992; Sanders & Lamers, 2002). In addition, slightly 
longer term cognitive control modulation can be seen over the course of an experiment, or 
block of trials, where adaptation in cognitive strategy in the application of the task is evident. 
For example, when an individual minimises the influence of the automatic route in order to 
reduce errors as opposed to a strategy of maximising use of the automatic route in order to 
reduce reaction times or where individuals are given incentives to perform and the apparent 
motivation for reward effects performance (Bonnefond et al., 2011; Gulbinaite, Johnson, de 
Jong, Morey, & van Rijn, 2014).   
There is extensive existing research that supports the principle that changes in 
congruency effects are a result of modulations in cognitive control in the flanker task 
(Clayson & Larson, 2011; Wendt & Luna-Rodriguez, 2009). However some do argue instead 
that the congruency effect reduction is due to stimulus repetition priming (Davelaar & 
Stevens, 2009). One way that is suggested to control for accusations of stimulus repetition 
priming effects, is to adopt a 4 x 2 paradigm design where the participant categorises the four 
stimuli by responding to 2 stimuli with one response key and to the other 2 stimuli with the 
alternative response key. This enables both incongruent stimulus (ICS) (where target and 
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flanker stimuli differ but require the same response) and incongruent response (ICR) (where 
target and flanker are different and require alternative responses) trials to be presented and 
prevents stimulus repetition priming. This provides data to differentiate the cognitive 
processes related to stimulus repetition and response selection conflicts and ensure that the 
investigated effects are clearly a result of cognitive control modulation. As a result the study 
has adopted this design to ensure that the behavioural findings can clearly be related to 
differences in modulation of cognitive control and thereby provide support, or not, for our 
theory that eating behaviour trait may influence controlled processing in response to 
distraction by food stimuli.  
Research suggesting individuals can adapt their cognitive control in order to inhibit 
their automatic tendencies towards food is evident. Studies have provided evidence of groups 
of successful dieters who are able to consciously activate their weight goals as a means to 
inhibit their response to palatable foods (Papies & Hamstra, 2010; Papies et al., 2008; Stroebe 
et al., 2008). Research using positron emission tomography indicate that successful dieters 
showed higher levels of activation in the brain regions connected to behaviour control, the 
dorsolateral prefrontal cortex (DPFC), dorsal striatum and anterior cerebellar lobe than non- 
dieters in response to meal consumption. The level of dietary restraint for participants 
positively correlated with the DPFC activation. The suggestion being that cognitive control of 
food intake is achieved by modulating neural circuits controlling foods reward and goal-
directed behaviour (DelParigi et al., 2007). Data from large scale studies of weight loss 
maintenance indicate that behavioural factors are stronger predictors of positive outcomes in 
weight maintenance, than metabolic factors such as fat oxidation or insulin sensitivity(Wing 
& Hill, 2001). With some initial indications of intervention success in the modulation of 
cognitive control of food choices (Forman & Butryn, 2014; Schonberg, Bakkour, Hover, 
Mumford, & Poldrack, 2014). 
The schematic shown in figure 7.1 (page 121) is an illustration of the dual processing 
model of cognitive control which is suggested as an explanation for the processes observed 
via the flanker task (Ridderinkhof et al., 1995). Figure 7.1a shows an example of processing 
for a congruent trial. Here the automatic priming route is the quickest and shortest processing 
route to result in the correct response. The controlled stimulus-response mapping route is 
active but it is the secondary processing path being a longer and slower processing route. 
Figure 7.1b is an example of subsequent processing in an incongruent trial. Here the 
automatic route is still the quicker route, priming a response based on the global picture 
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whereby the response choice tendency is more linked to flanker information. However, the 
slower controlled route maps the target to another response choice. This leads to a response 
conflict and a potential response error caused by the need to process conflicting preferred 
response tendencies by the automatic and controlled pathways. Therefore the actual response 
is delayed. Figure 7.1c illustrates the modulation in cognitive control that follows an 
incongruent trial. Here the subsequent application of cognitive control results in the inhibition 
of the automatic processing route with the controlled processing route now becoming the 
primary pathway. In this instance the response will be slower than that seen for congruent 
trials but should reduce the number of response errors. Crucially, congruency effects should 
be reduced after incongruent response trials as the level of processing conflict is reduced. The 
difference in ICR responses when the previous trial is congruent and when the previous trial 
is an incongruent trial illustrates the effectiveness of the individual’s ability to activate, or 
modulate, their levels of cognitive control. 
7.1.1. Hypotheses 
In summary, the aim of this study is to attempt to establish more evidence to suggest 
that individuals eating behaviour trait is related to their ability to inhibit distraction from food 
and modulate the cognitive conflict experienced by the distraction. I hypothesise that: 
1. There will be enhanced flanker congruency effects evident in the food condition, compared 
to the non-food condition, due to greater emotional valence of the food stimuli. 
2. Individual differences in cognitive control modulation following response conflict trials 
will be evident.  
3. Eating behaviours traits are related to the cognitive processing of food stimuli but not non-
food stimuli. All three primary eating behaviours (restraint, emotional and external eating) 
will be examined in relation to response times (RT), error rates, flanker effects (FE) and 
cognitive control modulation (CCM) for food and non-food conditions. 
4. Based on results from the previous study, and past research (Phaf, 2015; van Steenbergen, 
Band, & Hommel, 2010), positive affect will be positively correlated with flanker effect size 
whereas negative affect will be negatively associated with flanker effect sizes. 
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a) Congruent response trial
 
b) Incongruent response trial
c) Modulation in cognitive control
 
Figure 7.1 Schematic illustration of the dual processing model of cognitive control 
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7.2. Method 
Participants  
A priori power analysis based on an alpha = .05, large effect size of .14 and power = 
0.80, indicated a minimum sample size of 14 (Faul, Erdfelder, Lang, & Buchner, 2007). Fifty 
undergraduate participants took part in the study. Three participants were excluded from the 
analysis as their overall response accuracy was below 80%. Therefore, 47 participants have 
been included in the final analysis. Of these participants, 87% were female and 13% male. 
The mean age was 20yrs (S.D: 1.6 years). The participants mean BMI fell within the normal 
category weight range at 23.6 ± 5.5. The majority of participants were single (80.9%), right-
handed (93.6%) and non-smokers (93.6%). Participants reported an average alcohol 
consumption of 3.7 units of alcohol per week (range 0-15 units) with 8.5% of participants 
stating they were actively dieting. The majority of participants (66%) were regularly 
exercising for at least 1 hour per week (3 ±2.1 hours). All participants had normal or 
corrected to normal vision. Ethical approval for the study was obtained from the University 
of Surrey ethics committee (Appendix A). Eligible participants were entitled to claim two lab 
tokens for participation in the study as part of the Faculty undergraduate research 
participation scheme.                           
Measures 
Where measures have been described in previous chapters they will be summarised 
here. The following measures were used: 
The Dutch Eating Behaviour Questionnaire (DEBQ) (Van Strien, Frijters, Bergers, & 
Defares, 1986) continued to be the primary measure to quantify eating behaviour traits. The 
participants reported their eating behaviour with respect to Restraint, Emotional and External 
eating behaviours. The study Cronbach’s alpha for the three eating behaviour traits were α = 
.93, α = .92 and α = .80. 
The Power of Food Scale (PFS)(Lowe et al., 2009) was retained as a measure due to 
its focus specifically on the individual’s motivational drive or hedonic wanting for food. 
Participants report their responses to, rather than consumption of, palatable foods when food 
is “present”, “available” and “tasted”.  There was strong internal consistency across the scale 
α = .91 and for the three subscales, α ranged from .73 to .88. 
Positive Affect Negative Affect Schedule (PANAS) (Watson, Clark, & Tellegen, 1988) 
was used to asses participants self-reported emotional state or trait feelings of positive and 
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negative affect. PANAS was administered twice at different time points within the procedure. 
This was done to ascertain a State score (participants’ levels of affect that day) and a Trait 
score (their levels of affect over preceding weeks). The scale had strong internal consistency 
for both positive affect α = .82 and negative affect α = .87.  
The UPPS Impulse Behaviour Scale (Whiteside and Lynam, 2001), introduced in 
Chapter 4, was adopted for this study as a measure of impulsivity. The scale requires 
participants to rate how closely they feel statements reflect how they think and act uses a four 
point scale with 1 = agree strongly and 4 = disagree strongly. The tendency for impulsive 
behaviour is assessed in relation to four factors: negative urgency, lack of premeditation, lack 
of perseverance and sensation seeking behaviour. A high score indicating a person has 
reported a high level of impulsivity in relation to that particular factor. Internal consistency 
for the four factors within the sample was as follows: negative urgency α = .89; lack of 
premeditation α = .89; lack of perseverance α = .84 and sensation seeking α = .89. 
Hedonic Liking was measured using the Food Preference Checklist taken from the 
Leeds Food Choice Questionnaire ( Hill, Leathwood, & Blundell, 1987; Larsen et al., 2010) 
as described in previous chapters. Participants were asked to review a list containing a 
mixture of 32 protein, carbohydrate and high and low fat sweet and savoury foods and state 
whether they wanted to eat that food at that time. In addition, participants provided a rating 
on a scale ranging from 1 “completely dislike” to 9 intense liking” how much they liked the 
taste of the food.  
Visual Analogue Scales (VAS) were adopted for evaluating participants’ stage of 
hunger, sleepiness and their self-efficacy in controlling their weight. For sleepiness the 
Karolinska Sleepiness Scale (KSS) was used. This has been validated in relation to both EEG 
and behavioural measures (Kaida et al., 2006) and has been administered effectively in 
previous flanker studies (Bonnefond et al., 2011). The VAS were administered both pre and 
post the experimental task.  
The Daily Fatigue Impact Scale (D-FIS)(Fisk & Doble, 2002) was used to ascertain 
levels of fatigue. The 8 item measure quantifies the impact on quality of life and function 
caused by chronic fatigue as opposed to being a measure of general sleepiness. As with the 
VAS scales of hunger, sleep and self-efficacy, the fatigue scale was included within the study 
in order to control for these factors in the results. In their instructions participants were 
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clearly advised that fatigue is a chronic state of tiredness, or lack of energy, experienced over 
a number of days or weeks as opposed to sleepiness which was highlighted as a measure of 
their current state of tiredness. Participants responded to each item using a 5 point scale the 
extent it was a problem to them with 1 = no problem and 5 = extreme problem. Example 
items include “because of fatigue, I have to reduce my workload or responsibilities” and 
“because of fatigue I have to limit my physical activities”. 
Valence ratings were taken of food and non-food pictures. The pictures contained 
both the stimulus used in this experiment as well as stimulus being used in the study reported 
in the subsequent chapter. Participants were asked to review each picture and report the 
extent they felt positively or negatively towards the image. The scale used ranged from 1-10 
with 1 = very negative, 10 = very positive and 5 = neutral. This measure was used to control 
for the effects of emotional salience on experimental results as well as to further validate the 
stimulus chosen. Mean valence scores provided by participants were 4.82 ±0.8 for non-food 
stimuli and 6.74 ±1.4 for food images. These confirmed that the stimulus were appropriate as 
neutral non-food and positive food categories for emotional valence. 
A food consumption measure was used to investigate whether there were any 
differences in actual eating behaviour, either as a result of the experimental task itself or 
based on eating behaviour traits. Participants were given free access to a number of foods 
during the period of time whilst they completed the questionnaire measures. Ethical approval 
was ascertained to allow participants to not be told this was part of the experiment, or that 
their consumption would be weighed. Table 7.1 shows the foods available to participants 
which were taken from the four main food categories used in the PhD thesis; Low Fat Low 
Sugar, Low Fat High Sugar, High Fat Low Sugar and High Fat High Sugar. 
Table 7.1 
Description of Items used in Food Consmption Test 
Food Category Product Name Fat per 100g 
Fat        Sat.Fat 
Sugar per 
100g 
Portion per 
participant 
F-S- Rice Crackers  7.5 0.8 2.7 22g 
F-S+ Haribo Starmix 0.08 0.04 63.4 50g 
F+S- Mini Cheddars 29.9 11.9 4.6 25g 
F+S+ Chocolate 
M&Ms 
20.7 12.5 66.4 50g 
Fresh Foods      
F-S- Cherry Tomato 0.3 0.1 3.1 6/65g 
F-S- Cucumber 0.1 <0.1 1.7 6 sticks/55g 
F-S+ Grapes 0.1 <0.1 15.4 10/65g 
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Experimental Task 
The experimental task was programmed in e-Prime 2.0. Screen resolution on the 
display was 1024 x 768 and the refresh rate was 60 Hz. All testing took place in a 
windowless room with controlled lighting to ensure conditions were consistent across 
participants. The task undertaken was a modified Eriksen flanker task (Eriksen & Eriksen, 
1974). As in the previous chapter, the participant was asked to make a response choice about 
a centrally presented target stimulus, while ignoring flanking distractor stimuli (See Figure 
7.2 for examples). Three types of trials were presented to participants. In congruent trials, 
target and flanker stimuli were the same. In incongruent stimulus trials, target and flanker 
stimuli differed but were taken from the same response category. Finally, in incongruent 
response trials, the target and flanker stimuli presented were different and triggered different 
responses. Within the food condition the target response categories were “sweet” and 
“savoury” and for the non-food condition target response categories were “toy” or “bag”. 
Each category used two pictures. Figure 7.2 provides a visual representation of a response 
incongruent food trial and a stimulus incongruent non-food trial. 
 
 
Figure 7.2 Schematic representation of an incongruent response trial for the food condition 
(savoury flankers and sweet target) and an incongruent stimulus trial for the non-food 
condition (bag flanker and contrasting bag target). 
 
Participants were positioned 60cm from the display monitor. Individual images used 
were all 133x133 pixels with a visual angle of 5.5°x 4.5° with all 9 images presented in grid 
form creating a total visual angle of 16.5° x 13.5°.  Participants were required to respond to 
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the central target as swiftly and accurately as possible. The trial started with the presentation 
of a fixation cross. All stimuli were presented on a white background. In each trial the 
flanking stimuli were presented for 100ms before the central target stimulus was added to the 
display. Both flanker and target stimuli then remained on the screen for 150ms after target 
onset and were replaced by the display of a fixation cross for 1750ms between trials.  The 
inter trial interval was 2000ms. Figure 7.3 below provides a schematic representation of the 
trial procedure. 
 
 
Figure 7.3 Representation of the trial procedure using an incongruent response and an 
incongruent stimulus food trial presented in sequence. 
 
Trials were either congruent (same flanker and target stimulus presented), incongruent 
stimulus (flanker and target stimulus differed but prompted the same response) and 
incongruent response (flanker and target stimulus differed and required different responses). 
There was an equal number of each trial type. Food and non-food trials were presented 
separately in four separate consecutive blocks of 96 trials. The order of food and non-food 
blocks was counterbalanced across participants, as was the stimulus category response key 
assignment. Participants completed a training block of 12 trials at the beginning of each 
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condition which provided performance feedback on both accuracy and speed of response. 
Participants had the opportunity for breaks between blocks. 
Stimulus Validation 
The stimuli used in the task were externally validated food pictures taken from the 
Foodcast Research Image Database (FRIDa). The Foodcast Research Image Database 
(FRIDa) is a comprehensive collection of both food and non-food items that is available for 
use for non-commercial purposes. FRIDa has been validated and the results made available 
for review (Foroni, Pergola, Argiris, & Rumiati, 2013). The FRIDa database provides open 
source images that have been resized to standard dimensions. Each image is provided with 
spatial frequency, luminance values, as well as participant ratings for each image for factors 
such as valence, familiarity and recognition. The initial FRIDa validation data was used to 
determine a shortlist of stimuli but as this was taken from an Italian population and both food 
habits and food exposure are likely to differ from a UK population, further stimulus 
validation was undertaken locally. Based on the UK validation responses, the food pictures 
with the most positive ratings with respect to valence and liking were used for both this and 
the subsequent flanker study in Chapter 8. In order to minimise confounding variables created 
by perceptual stimulus differences in spatial frequency and luminance, they were matched 
across both conditions and were confirmed as not significantly different for spatial frequency 
t(3.9) = .684, p = .53 or luminance t(6) = .514, p = .62. 
 
Table 7.2  
Mean Spatial Frequency and Luminance Values per Experimental Condition 
 Food Condition 
Mean (SD) 
Non-Food Condition 
Mean (SD) 
Spatial Frequency .0052 (.0027) .0042 (.0010) 
Luminance 200.3 (10.12) 196.8 (9.42) 
  
Procedure 
Screening procedures were undertaken prior to the participant engaging with the 
study. Participants were excluded from the study if they had either been diagnosed with or 
experienced any eating disorder, drug or alcohol addiction, diabetes, depression, epilepsy or 
other psychiatric or neurological condition. Further due to the food stimulus being presented 
and consumed, to avoid study sample related confounds, participants were also excluded if 
129 
 
they had food allergies or ate a vegetarian/vegan diet. All participants followed the same 
procedure (see procedural protocol checklist: Appendix I). After obtaining informed consent, 
the State PANAS, D-FIS and first set of VAS were administered. Participants then completed 
the experimental task. Following the experiment participants completed the second VAS 
ratings. At this point participants were advised that their task had finished with the exception 
of completing the paper and online questionnaire measures.  They were also advised that 
whilst completing the questionnaires, they were now free to consume the food items that 
were there for their refreshment and offered in recognition of the commitment of taking part 
in the experiment. The food preference checklist and picture valence ratings were 
administered in paper form with demographic information, Trait PANAS, PFS, UPPS-R 
DEBQ and OMQ obtained via an online questionnaire administered within the lab. In order 
to allow participants to feel more comfortable in consuming the available snacks, the 
researcher left the experimental room. The researcher returned to the room upon completion 
of the questionnaires and debriefed the participants.  
Data analysis 
Normality and distribution of variables was reviewed against z-score skewness and 
kurtosis cut of z > ± 1.96 and by reviewing the Shapiro-Wilk tests. This indicated that for a 
number of the measures the data was not normally distributed. Responses were positively 
skewed in relation to Negative Affect, PFS, Fatigue and BMI (See appendix J for full 
descriptive information). In relation to the experimental variables, the data was normally 
distributed with respect to reaction time variables. Error data was positively skewed, which is 
typical of this task where low numbers of errors are expected.   A review of participant 
responses indicated no consistent outliers across measures. Due to the relatively small sample 
size, the decision was taken to not exclude participants who were outliers in individual 
categories.  
For the flanker task, the reaction time (RT) and error rate data were analysed. Correct 
participant responses were included where reaction times were between 150-1000ms post 
target presentations. The same time window was used to determine choice errors (wrong 
response key). In addition, the percentage of anticipation errors (RT <150ms), late responses 
(RT >1000ms) and no responses were calculated. Analysis was only conducted on RT’s and 
choice errors when the previous trial was correct. Flanker effects (FE) were calculated by 
deducting the mean values for the congruent trials from mean values of the stimulus 
incongruent trials (flanker effect – ICS; FE-ICS) and response incongruent trials (flanker 
effect – ICR; FE-ICR).  
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For the statistical analysis of RT, error rates and FE, 2 x 3 x 3 repeated measures 
ANOVAs were used with the factors of type (Food vs Non-Food), current trial congruency 
(C vs ICS vs ICR) and previous trial congruency (C vs ICS vs ICR). In the event of a 
violation of the sphericity assumption, the Huynh-Feldt statistic was adopted. Post hoc t-tests 
were conducted and Bonferroni corrections applied where necessary. According to Cohen's 
1992 guidelines (Cohen, 1992) partial eta squared (ƞp2) values of .01, .06, and .13 constitute 
small, medium, and large effect sizes respectively. This definition was adopted when 
reporting ƞp2  values. 
In addition, a cognitive control modulation (CCM) score was calculated for each 
participant. This was achieved by calculating the difference in FE-ICRs when preceded by 
congruent trials (no conflict in the previous trial) and the FE-ICR when preceded by other 
ICR trials (conflict present in the previous trial). The greater the difference in flanker effects 
the more active modulation in cognitive control is being exercised by the participant. 
Therefore, the magnitude of this CCM score reflects the ability of the participant to modulate 
cognitive control in relation to fast environmental changes, in this instance on a trial by trial 
basis. 
Finally, in order to assess the relationship between experimental measures such as 
overall RTs, FE’s and CCM scores, and individual differences in questionnaire measures, 
BMI, and food consumption, responses were correlated using Kendall Tau which was 
adopted as an appropriate non-parametric test for use with small sample sizes. 
7.3. Results 
The sample is described in relation to questionnaire measures in Table 7.3. The table 
shows both the research sample scores and the norm data provided in original research 
papers. The participant responses fall within expected population variance based on a range 
of two standard deviations (SD) from the mean. To my knowledge, no standard norm data is 
available for the D-FIS scale for a general population, as it appears the available published 
data is based on people who are known to be experiencing fatigue as a consequence of acute-
onset and time-limited illness or stress.  
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Table 7.3  
Descriptive for Population and Published Norms for Psychological Questionnaire Measures 
Questionnaire Measures Research 
Sample 
Mean ± SD 
Published  
Norms 
Mean ±SD 
Positive Affect _ Trait 29.3 ±5.2 32.0 ±7.0 
Negative Affect _Trait 18.8 ±6.2 19.5 ±7.0 
Positive Affect _State 26.2 ±5.5 29.1 ±8.3 
Negative Affect _State 12.6 ±2.9 16.3 ±6.4 
Power of Food Scale (PFS)  2.8 ±0.8 1.9 ±1.1 
PFS  - Food Available 2.5 ±1.0 1.8 ±1.0 
PFS - Food Present 3.3 ±0.9 2.1 ±1.1 
PFS - Food Tasted 2.8 ±0.7 1.9 ±1.0 
DEBQ - Restraint 2.5 ±0.9 2.21 ±0.9 
DEBQ - Emotion 2.7 ±0.8 1.92 ±0.7 
DEBQ – External 3.2 ±0.5 2.66 ±0.8 
D-FIS 6.5 ±5.4 None available 
UPPS - Urgency 29.0 ±6.5 32.87 ±8.96 
UPPS - Lack Premeditation 22.4 ±5.2 21.85 ±5.24 
UPPS - Lack Perseverance 20.9 ±4.5 19.90 ±4.91 
UPPS - Sensation Seeking 31.6 ±6.9 26.11 ±6.76 
 
An overview of the findings from the correlation analysis of questionnaire measures is 
given in Table 7.4. With this sample, increased levels of BMI was associated with increased 
responses to the power of food τ = .218, p = .033, and specifically the subscales related to 
motivational drive when “food is available” τ = .216, p = .037 and “when tasted” τ = .214, p 
= .042. In relation to eating behaviour trait, as with the previous study only emotional eating 
behaviour was correlated with BMI, τ = .263, p = .011. Many correlations between 
psychological variables were weaker than those seen in the previous chapter. For example, 
external eating behaviour correlations with the power of food scale ranged from τ =.398 to τ 
.467 (all p’s <.001), in comparison to correlations reported in Chapter 6 which ranged from r 
= .652 to r =.857 (all p’s <.001). In addition the correlation between external eating and 
emotional eating behaviour reduced from r = .434, p = .015 to τ = .209, p = .045.  
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Table7.4 Correlation Table of Psychological Variables 
Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
1. BMI -                  
2. Positive Affect Trait -.025 -                 
3. Negative Affect Trait 
 
.017 -.159 -                
4. Positive Affect State -.051 .239* .033 -               
5. Negative Affect State .126 .103 .218* .068 -              
6. Power of Food Scale .218* -.216* .129 -.023 .064 -             
7. PFS – Food Available .216* -.155 .201 -.052 .137 .716** -            
8. PFS – Food Present .172 -.205 .053 -048 -.033 .644** .400** -           
9. PFS – Food Tasted .214* -.085 .026 -.081 .046 .699** .471** .487** -          
10. Restraint Eating .178 .032 .006 .036 .183 .102 .183 -.102 .089 -         
11. Emotional Eating .263* -.032 .223* .301** .341** .162 .241* .009 .104 .229* -        
12. External Eating .169 -.119 .035 .098 .020 .467** .398** .422** .418** .115 .209* -       
13. Food Preference  -.029 -.140 -.029 -.178 -.003 .252* .238* .238* .222* -.143 -.094 .269* -      
14. Fatigue .116 -.132 .259* -.025 .476** .224* .289** .080 .167 .271* .296** .168 .127 -     
15. Urgency .050 -.112 .461** .051 .191 .232* .241* .180 .166 -.057 .124 .186 .197 .213* -    
16. Lack Premeditation -.007 .228* .020 -.056 -.010 -.061 -.091 -.085 -.019 -.085 -.093 .059 .166 -.035 .131 -   
17. Lack Perseverance -.069 -.099 .114 -.055 .119 .024 .058 -.081 .014 -.005 -.044 -.037 .153 .114 .140 .446** -  
18. Sensation Seeking .087 .105 -.124 .014 .084 -.136 -.405 -.148 -.082 .183 -.058 -.087 -.096 -.024 -.138 .144 .085 - 
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Whilst acknowledging there is less strength in the relationship between psychological 
variables is this study, results predominantly followed the expected patterns based on past 
research. Having established the sample tested is largely representative of the normal 
population, the flanker task data was examined. 
7.3.1. Flanker Task - Reaction Times 
Firstly, the influence of content type on picture processing was considered. I inspected 
participants mean reaction times (RT) for the two picture conditions, food and non-food. The 
mean RT was very similar for the food condition 483 ±47ms and the non-food condition 476 
±51ms. A repeated measure 2 x 3 x 3 ANOVA with the factors condition (Food v Non-Food), 
current trial type (C v ICS v ICR), and previous trial (C v ICS v ICR) was run.  The results 
showed no significant main effect of condition F(1,46) = 3.40, p = .072, ƞp2 = .07 which 
would indicate that picture differences/ pure stimulus processing effects cannot explain the 
findings. However, there was a significant main effect for current trial type F(2,92) = 634.14, 
p < .001, ƞp2 = .93.  Specifically, responses to the congruent trials (441 ±51ms) were faster 
than to the ICS trials (480 ± 46ms), t(46) = 18.83, p < .001 and responses to ICS trials were 
faster than that to ICR trials (522 ± 44ms) t(46) = 18.84, p < .001. Therefore as expected, the 
increasing level of conflict, from congruent through incongruent stimulus to incongruent 
response, resulted in a significant slowing in participant response. There was a significant 
interaction between the factors of condition and current trial type F(2, 92) = 8.13, p = .001, 
ƞp2 .15 as displayed in figure 7.4a below. Post hoc tests indicated no significant difference for 
food and non-food pictures in the congruent conditions, t(46) = .206, p =.838, but slower 
reaction times for the food pictures compared to the non-food pictures in ICS, t(46) = 2.69 p 
=. 01, and ICR trials, t(46) = 2.55, p = .029 (*NB the latter being borderline significant after 
Bonferroni correction based on the adjusted p value of .025). The results indicate increased 
levels of conflict in the ICS and ICR trials in the food condition compared to the non-food 
condition. To illustrate this effect in the form of difference scores, we calculated flanker 
effects for the ICS (FE-ICS) and ICR (FE-ICR) trials. Flanker effects were calculated by 
subtracting the congruent RT from the incongruent stimulus and incongruent response RT. 
The results are displayed in figure 7.4b and illustrate the enhanced flanker effects for the food 
condition compared to the non-food condition, t(46) = 3.76 p =. <001. 
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a)      b) 
 
Figure 7.4 a) Illustration of the interaction of trial type (C vs ICS v ICR) and condition (food 
and non-food) based on mean RT. b) Flanker effects for incongruent stimulus trials and 
incongruent response trials for both the food and non-food conditions. 
 
In addition, there was a significant main effect of previous trial type F(2,92) = 40.96, 
p < .001, ƞp2 = .47 and significant interaction between the factors of previous trial type and 
current trial type F(4, 184) = 13.51, p < .001, ƞp2 .23. There was no significant three-way 
interaction between condition, current trial and previous trial F(4, 184) = 1.88, p =.116, ƞp2 
.04. As illustrated in figure 7.5 below, the post hoc tests (bonferroni p value of .008) revealed 
the following differences. Firstly when looking at the influence of the previous trial on the 
current FE-ICR magnitude, a significant reduction in FE-ICR is seen if the previous trial had 
also been an incongruent response trial compared to when the previous trial was congruent 
t(46) = 6.70, p < .001. There was a also a significant reduction in FE-ICR if the previous trial 
had also been an incongruent response trial compared to when the previous trial was an 
incongruent stimulus trial, t(46) = 3.72, p = .001. Secondly, the analysis of the influence of 
previous trial types on the current FE-ICS magnitude revealed there was also a significant 
reduction in FE-ICS if the previous trial was also an incongruent stimulus trial compared to 
when the previous trial was congruent, t(46) = 3.77, p < .001. These sequential effect are an 
example of cognitive control modulation in action. It indicates where participants are exposed 
to cognitive conflict, for example with an ICR trial, this triggers a change in dominance of 
processing pathways seen by subsequent response behaviour (regardless of subsequent trial 
type), as the automatic processing route is inhibited.  
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Figure 7.5 Illustration of effect of previous trial type on current flanker effects for 
incongruent stimulus and incongruent response trials separately. * = significant difference in 
effect of previous trial was indicated in post hoc paired t-tests. All comparison pairings were 
tested. 
 
Note, as expected, participants overall RT was negatively correlated with overall 
flanker effects (τ = .34, p = .001), which means that the level of distraction experienced is 
reduced for participants whose general response to the stimulus is slower.  
7.3.2. Cognitive Control Modulation (CCM) 
 Having established the sequential effects of ICR trials on subsequent trials, 
whereby the subsequent reaction times are slower and flanker effects reduce, the assumption 
is that this is caused by a modulation in the level of cognitive control being applied. In order 
to be able to assess individual differences in the short-term modulation of cognitive control, a 
score representing individuals CCM was calculated. This was done by calculating the 
difference in flanker effects for ICR trials when the previous trial was congruent, and flanker 
effects for ICR trials when the previous trial was also an ICR trial. For the food condition the 
RT CCM mean was 24 ± 34ms, and for the non-food condition the RT CCM mean was 18± 
29ms. Participant performance confirmed as not significantly different across conditions t(46) 
= .91, p = .370.   
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 The created scores are a reflection of the individuals’ variation in cognitive control 
with a higher CCM score indicative of greater modulation on cognitive control. Increased 
cognitive control would be related to a reduced reliance on automatic processing routes and 
therefore inhibits distraction by subsequent conflicting stimulus being processed.  These 
CCM scores were correlated with questionnaire measures as described in a later subsection of 
the results section. 
  
Figure 7.6 Visual representation of RT cognitive control modulation for food and non-food 
conditions. 
 
In summary, RT results indicate significantly greater levels of distraction evident in 
the food condition compared to the neutral condition. Further, results indicate participants 
demonstrated a similar variation on cognitive control in the food and non-food conditions as 
indicated by the trial sequence effects but absent three-way interaction.  
7.3.3. Flanker Task – Error Rates 
As in the previous study, choice errors (incorrect response keys), anticipation errors 
(<150ms), late responses (<1000ms) and no responses were calculated. The mean percentage 
for anticipation errors was .02 ± .1%, for late responses 1.4 ± 1.8% and participants made a 
nil response on .4 ± .7% of trials. The choice error rates for participants were 7.2 ± 3.9%. 
Choice errors were used for the detailed analysis.  
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Table 7.5  
Mean Percentage Error Rates (SD) by Condition and Trial Type  
 Food  Neutral 
Congruent 4.2 ±3.7 4.7 ±3.4 
ICS 4.0 ±4.4 4.1 ±3.8 
ICR 13.7 ±10.0 12.5 ±7.4 
Overall 7.3±5.0 7.1±4.1 
 
Preliminary examination of the data indicates minimal differences between conditions 
but an increased number of errors on ICR trials.  Due to the small number of error trials 
(average of 27-28 error trials per condition) the analysis undertaken was simplified.  A 2 x 3 
repeated measures ANOVA was run using the factors, condition (food v non-food) and 
current trial type (C v ICS v ICR). Results showed no significant main effect of condition 
F(1,46) = .11, p = .744, ƞp2= . 01. As expected there was a significant main effect of current 
trial type F(1.065,49.007) = 76.95, p < .001, ƞp2 =.63. There was no significant interaction 
between condition and trial type F(1.315,60.498) = 1.38, p = .254, ƞp2 =.03.   
In summary, participants made the same number of errors in the food and non-food 
conditions, and the level of errors increased when participants experienced greatest conflict 
when they were exposed to response incongruent trials.   
7.3.4. Analysis of Flanker Task and Questionnaire Measures 
The final level of analysis was to correlate reaction times, error rates, flanker effects 
and cognitive control modulation with the key questionnaire measures to try to determine if 
the self-reported eating behaviour or affect were showing a relationship with the behavioural 
data.  
Table 7.6 indicates that both higher external eating and emotional eating behaviour 
traits were associated with significantly slower responses in the food condition but not the non-
food condition. In addition, BMI positively correlated with the overall reaction times for food 
and non-food items. Slower reaction times generally result in reduced flanker effects and this 
is seen clearly when looking at the relationship between BMI and overall flanker effects. 
However, this did not transfer into a significant difference in flanker effects for emotional or 
external eating behaviour traits.  
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Table 7.6  
Summary of Correlations between Key Psychological Measures and Flanker Task 
  RT_F RT_NF FE 
Overall 
RT 
CCM 
Food 
RT 
CCM 
Neutral 
State Positive Affect -.039 -.094 .212* .083 .147 
State Negative Affect .151 .163 -.221* .197 .131 
BMI .214* .302** -223* -.019 -.032 
Emotional .211* .191 -.144 .209* .070 
External .217* .158 -.102 .054 -.122 
Restraint .103 .010 -.073 .046 .022 
*= P < .05 **= p < .005 
 
In the previous chapter it was speculated that individuals may, over time, developed a 
strategy of increased levels of cognitive control in order to inhibit their automatic response to 
food and reduce the level of distraction. The cognitive control modulation score is an indication 
of an individual’s ability to activate the controlled processing of stimuli to reduce conflict and 
minimise distraction on a very short term basis, in this instance on a trial by trial basis. In 
relation to the CCM score, emotional eating behaviour was associated with significantly greater 
levels of cognitive control modulation in the food condition but there was no significant 
difference for the non-food condition. However, the expected similar pattern with respect to 
external eating trait behaviour was not seen.  
As hypothesised, participant mood was related to the level of distraction exhibited by 
participants. Increased levels of positive affect were associated with increased flanker effects 
whereas participant negative affect was negatively correlated with overall flanker effects.  In 
relation to the experimental data for errors, no significant relationships were identified between 
the behavioural data and psychological measures. 
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7.3.5. Food Consumption  
 Participants ate on average 22% of the snack food available, but this ranged strongly 
between participants (range: 0-73%). Figure 7.7 indicates that in general, participants 
consumed more of the high sugar foods. This was confirmed when, to simplify the analysis, 
food groups were collapsed into a dichotomy of savoury and sweet based foods, i.e. high vs 
low sugar content t(46) = 2.53 p =. 01. 
 
Figure 7.7 The mean percentage of food eaten by participants displayed both overall, in the 
sub-group categories and when split into a sweet/savoury dichotomy.  
  
The amount of consumed food was correlated with both experimental and questionnaire 
data. For the questionnaire data there was no relationship evident between age, BMI, fatigue 
or sleep. Unsurprisingly, the amount of food consumed by participants positively correlated 
with reported hunger levels, Hunger T1: τ = .327, p = .004; Hunger T2: τ = .408, p <.001, as 
well as scores on the Food Preference Checklist, τ = .208, p = .043. Note however, self-reported 
hedonic liking for food only positively correlated with consumption of F+S+ foods, τ = .229, 
p = .028.  
In relation to the experimental data there was no systematic patterns of relationship with 
food consumption.  More specifically the amount of consumed food correlated ICS Food trial 
errors, τ = .252, p = .016. The sub-group analysis indicated that low fat snacks were driving 
the relationship, F-S-: τ = .249, p = .020, F-S+: τ = .253, p = .016. In addition, the F-S- 
consumption correlated with C Food trial errors, τ = .235, p = .029 and overall food errors, τ = 
.206, p=.048. Finally, the consumption of F+S- snacks negatively correlated with the overall 
FE magnitude, τ = .223, p = .040. No other correlational results were significant.  
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To conclude, significantly greater levels of distraction were evident in the food 
condition compared to the non-food condition as measured by enhanced flanker effects for 
the food RT data. In addition, results indicated variation in cognitive control, as shown by the 
trial sequence effects, following participant exposure to ICS and ICR trials, independent of 
the condition. Error rates were not significantly differ between the food and non-food 
condition but did increase significantly for incongruent response trials. Both participant mood 
and eating behaviour trait were indicated as having an influence on participant performance 
on the flanker task. Participant state affect was significantly correlated with magnitude of the 
overall flanker effects. Positive affect positively correlated with flanker effects, and negative 
affect negatively correlated flanker effect magnitude. This supports the theory that affect 
effects the scope of attention. Namely that negative affect is related to narrow scope of 
attention and slower processing and therefore reduced flanker effects, whereas positive affect 
is associated with a more global scope of attention, thereby more distraction and enhanced 
flanker effects (Moriya & Nittono, 2011; Rowe, Hirsh, & Anderson, 2007). Increased levels 
of emotional and external eating behaviours were related to a slowed response time within the 
food stimulus condition only. Further, increased levels of emotional eating positively 
correlated with greater levels of cognitive control in the food condition only. The 
implications of the results will be discussed below. 
7.4. Discussion 
The main hypotheses of the study were largely supported with the expected flanker 
effects evident in the behavioural responses to the experiment. Participants exhibited 
increased levels of distraction within the food condition although there was no difference in 
participant responses to congruent trials for the food and non-food conditions. Individual 
differences in cognitive control response following conflict trials were established in the 
results. However, only emotional eating trait behaviour, and not external eating behaviour, 
was shown to correlate with modulation in cognitive control for the food condition only. 
Thereby indicating any cognitive strategy applied by individuals higher in emotional eating 
trait, was with respect to food only, as opposed to having more effective CCM in general. As 
hypothesised, eating behaviour traits were related to the cognitive processing of food stimuli, 
and not non-food stimuli. As with the previous study it appears emotional eating and external 
eating behaviour, as opposed to restraint, are relevant in the context of this particular form of 
cognitive process, namely stimulus processing and inhibition of distraction from food 
stimulus. As with the previous chapter, state positive affect was shown to be related to 
increased levels of stimulus distraction, indicated by larger overall flanker effects, with 
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participants’ state negative affect showing the opposition association. The discussion will 
concentrate on the key results in relation to the eating behaviours in particular and how, in 
combination with the results of the previous chapter, the findings can be interpreted. 
There is again some evidence here that individuals who report higher levels of eating 
behaviour trait, in particular emotional and external eating behaviour, do potentially employ a 
controlled cognitive strategy in order to attempt to inhibit distraction by food in the 
environment. In this chapter, both emotional and external eating behaviour was related to a 
significantly slower speed of response in the food trials only. In Chapter 6, emotional eating 
was positively correlated with speed of response. This could indicate that the food stimuli has 
negative salience for emotional and external eaters, as opposed to having an attentional bias 
towards the food stimuli. In general a slower response time is associated with reduced 
magnitude of flanker effects and that directional effect was seen here, but did not achieve 
significance. What was seen however was a positive relationship between increased reported 
emotional eating trait and cognitive control modulation for food. This suggests that those 
individuals who are higher in emotional eating are able to more effectively respond to 
conflict from food stimuli and inhibit automatic processing thereby reducing distraction 
effects. The enhanced cognitive control modulation is present for food and not non-food and 
therefore is a specific, as opposed to a general, cognitive performance. This is similar to the 
strategy that was theorised in Chapter 6 as a possible explanation for the results there, 
however unlike the previous chapter, results indicate emotional eating behaviour, as opposed 
to external eating behaviour, as being key. 
This result is frustrating as it potentially contrasts with that of the previous chapter 
and could suggest the possibility that effects being seen are not robust. But, one key aspect 
that is relevant, and potentially disputes that accusation, is the difficulty in trying to separate 
eating behaviour traits from each other. In both chapters, and in the wider published 
literature, there is strong evidence to support the suggestion that emotional and external 
eating behaviour share a large level of variance and that individuals who are high in one are 
likely to also be high in the other (to greater or lesser degrees). What you cannot do, is 
separate individuals out in to two separate homogenous groups of emotional and external 
eaters. It may well be the case that nuances in experimental design, and between populations 
may influence the pattern of results, and in turn which eating behaviour trait is being shown 
as applying a controlled cognitive strategy to inhibit food distraction. 
The mood effects seen in the study in general follow a consistent pattern from that 
seen in Chapter 6. The results would appear to support the view that affect is related to scope 
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of attention. Participant’s level of positive or negative affect was correlated with the level of 
distraction evident from flanking stimuli, congruency effects greatest for participants with 
higher state positive affect, symbolising a wider attentional capacity, with a narrower 
attentional capacity seen for participants reporting higher state negative affect. Clearly affect 
and emotional eating trait are not independent of each other. Negative affect consistently 
showing a positive correlation with emotional eating in both this and the previous chapter. It 
was also the case that state positive affect was also positively correlated with emotional 
eating trait for this population. The general pattern of negative affect and emotional eating is 
supported in other literature (Goldschmidt et al., 2014; Spoor et al., 2007). The presence of a 
relationship with state positive affect with this study may support the suggestion of an 
association between emotional eating behaviour and a tendency towards more general 
emotional variability and that both positive and negative affect can lead to disinhibited eating 
(Kenardy, Butler, Carter, & Moor, 2003; Yeomans & Coughlan, 2009). The contradiction in 
affect within individuals higher in emotional eating perhaps explaining why significant 
effects are not seen in relation to flanker effects themselves. 
What does needs to be addressed however is how when I am referring to individuals 
as having adopted a controlled cognitive strategy, when the term controlled is being applied, I 
do not mean they have a conscious cognitive strategy. In many instances with dual-
processing models, the terms automatic and controlled are often associated with unconscious 
and conscious processing, when in fact they are clearly not interchangeable. The principle of 
automaticity is best viewed as operating on a continuum, as opposed to being a particular 
state of awareness. In the specific context here, the processing pathways that are being 
discussed operate at a subconscious level with the controlled response occurring on average 
within 500ms. Therefore, what we are not proposing is that individuals are aware of the 
processing pathways and switching between them when experiencing conflict from food 
stimulus, but instead that it is an ability that has either developed over time, in an attempt to 
aid weight maintenance and counter-act their heightened automatic motivation to consume to 
food or overeat in certain physiological states, or alternatively it is an innate aspect of 
cognitive processing that is present in the eating behaviour trait that only fails under certain 
circumstances. 
7.4.1. Limitations and Future directions 
 Much of what has been discussed remains theoretical supposition. The experimental 
design and controls applied are robust and therefore the methodological aspects of the study 
have been established. What is clear however, is a need to try and separate out eating 
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behaviour traits more definitively in order to ascertain specifically which aspects of eating 
behaviour are influential in cognitive processing of food distraction, or drive attention 
towards food. 
 The subsequent chapter will allow further investigation of differences in ability to 
inhibit distraction between food and non-food as well as the relationship with eating 
behaviours. However, in order to investigate in more detail whether individuals who are 
higher in emotional and or external eating apply this strategy only at times of high resilience, 
for example, when satiated, then research needs to be undertaken where participant state is 
manipulated. Further it would be interesting to note whether different patterns of eating, for 
example calorie restriction as compared to occasional fasting, would influence individual’s 
ability to maintain increased levels of cognitive control and therefore prove more effective as 
a means of long-term weight maintenance. 
7.4.2. Conclusion 
The findings provide further support for the theory that eating behaviour trait is 
influential in how distraction from food in the environment is processed and how cognitive 
processing may differ depending on eating behaviour trait. Participants were more distracted 
when exposed to multiple images in the food condition than the non-food condition, although 
response to pictures across conditions (as signified by congruent trials), did not differ. In 
response to conflict in trials participants demonstrated modulation in cognitive control as 
proposed by the dual-process model. Individual differences in cognitive control modulation 
were positively correlated to emotional eating behaviour in the food condition but not the non-
food condition. This indicated that individuals higher in emotional eating were better at 
ignoring distraction from multiple food pictures, but that this difference in cognitive ability 
was specific to food, as opposed to be a general ability. 
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Chapter 8: Within and cross-category effects when presenting food and 
non-food pictures 
8.1 Introduction 
The final flanker study presented in the series will further examine individual 
differences in flanker effects of food and non-food pictures which chapter 7 began to address. 
Firstly, in contrast to the previous chapter, this study will examine flanker effects where food 
and non-food pictures are presented within the same block. Therefore, it is possible to 
investigate within category effects (congruent vs. ICS trials where stimuli were either from 
within the food or from within the non-food category) and cross-category effects elicited in 
ICR trials (food target – non-food flanker or non-food target – food flankers). The purpose of 
this is to further investigate whether differences in individuals’ ability to inhibit distraction 
from task-irrelevant flanker pictures, or to select task-relevant target pictures, is dependent on 
category type (i.e. within or between category), or only dependant on the visual context (i.e. 
same targets and flankers). 
In past research the emotional valence of food over non-food images has been 
highlighted as the key explanation for why individuals attend significantly more to food 
stimulus. In the previous chapter, although we purposefully ensured that the food images had 
higher positive emotional valence for participants than the non-food images, there was no 
effect of valence in the results as participant response to congruent trials in the food and non-
food condition did not differ. By altering the design of the flanker task here, it is possible that 
valence effects will become more apparent as participants will be responding to stimulus 
within the same experimental block which have significantly different levels of salience. This 
means that no strategy can be used to adjust to the emotional valence level of the pictures 
because they alter on a trial-by-trial basis. It is important to consider this question as many 
experimental studies in the past have explained attentional differences to food purely on the 
basis of emotional salience/valence ( Nijs et al., 2008; Werthmann et al., 2013). Although, 
recent reviews have indicated that evidence of an attentional bias towards food in overweight 
and obese individuals goes beyond a more general salience effect (Hendrikse et al., 2015). 
The previous chapters’ results have demonstrated that effects seen in these studies cannot 
purely be down to valence effects, but emotional salience may still be relevant when 
individuals are exposed to food images alongside more neutral comparisons without strategic 
top-down modulation of attention to salient vs. neutral stimuli from block to block. 
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In addition, this study will allow further consideration of differences in ability to 
inhibit distraction response to food images based on variation in fat and sugar content. The 
results from the previous two chapters have indicated some interesting differences in how 
individuals respond to distraction from food stimuli. Chapter 6 did not find the anticipated 
palatability effect, and possible reasons for this are addressed in this chapters’ discussion as 
well as the general discussion in chapter 9. Nevertheless, it was felt that in order to tackle 
some of the potential explanations for this finding, it was important to investigate the 
question of palatability in the current chapter. The stimuli used in this study have been more 
thoroughly validated and chosen on the basis that the images are viewed as attractive by 
participants, as opposed to the stimuli adopted in Chapter 6 which, in hindsight, were more 
clinical in nature and therefore unlike to induce associations with palatability. In addition, by 
maintaining a focus on variation in palatability as defined by wider literature, it may provide 
an indication of whether the definition being used is supported in behavioural data across a 
variety of applied experimental conditions, or whether there is a need to move towards more 
individualised definitions of palatability. 
The results from the previous two chapters have indicated that both emotional and 
external eating behaviour is related to individual differences in cognitive processes of 
inhibition of distraction by food pictures. The results indicated both increased levels of 
emotional and external eating behaviour were correlated with significantly slower responses 
to food pictures, implying a negative emotional response – which is of course in contrast to 
the food picture valence ratings which were positive. It was further shown that external eating 
was associated with a reduction in palatable food flanker effects in Chapter 6 and that 
emotional eating was positively associated with cognitive control modulation, with more 
effective cognitive control evident after the presentation of trials with conflicting food 
pictures in Chapter 7. Importantly, there was no significant correlations between eating 
behaviour traits and cognitive control modulation for non-food pictures. The aim of this study 
is to investigate further the relationship between eating behaviour trait and distraction of food 
flanker pictures, or attentional draw of food target pictures. Specifically, whether any 
individual differences in ability to inhibit distraction is specific to food pictures or reflective 
of a wider general ability to focus on the target independent of picture content. The intention 
being to examine whether participants ability to inhibit distraction is dependent on the target 
category that is the focus of attention, or on the context of the visual field by contrasting the 
cross-category design of this study, to the pure within category design seen in Chapter 7. 
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Finally, the aim is to investigate whether there is evidence for differences in distraction by 
food stimuli on the basis of variation in the fat and sugar content of the foods pictured.  
8.1.1. Hypotheses   
I hypothesise that: 
1. Significant flanker effects will be present, as in the previous studies  
2. Flanker effect sizes will be larger for pure food than for pure non-food trials in ICS trials. 
(No specific predictions were made for the comparison of the ICR flanker effects with food 
vs non-food targets.) 
2. We anticipate that increased levels of emotional and/or external eating trait behaviour will 
be related to the cognitive processing of the food trials but not the non-food trials. (No 
predictions were made for correlations with the mixed food / non-food ICR trials.) 
3. There will be differences in participant response dependent on whether the food target is 
high or low in fat and sugar content. It is anticipated that flanker distraction or target 
selection effects will be lowest for the low fat low sugar food pictures. 
4. Negative affect will be correlated with reduced flanker effects with positive affect related 
to increased flanker effects, reflecting variation is attentional focus by mood. 
8.2. Method 
Participants  
A statistical power analysis was performed for sample size estimation. The a priori 
calculation based on an alpha = .05, large effect size of .14 and power = 0.80, indicated a 
projected sample size for the study of 32 (Faul, Erdfelder, Lang, & Buchner, 2007). Fifty one 
undergraduate participants took part in the study. One participant was excluded due to 
technical problems resulting in missing data, and a further two participants were excluded as 
their overall response accuracy to the target stimulus was below 80%. Therefore, 48 
participants were included in the final analysis. Of these participants, 60% were female and 
40% male. The mean age was 21years (S.D: 2.6 years). The mean BMI of the participants fell 
within the normal category weight range at 22.8 ±3.2. The majority of participants were 
single (83%), right-handed (90%) and non-smokers (87%). Participants reported an average 
alcohol consumption of 8.1 units of alcohol per week (range 0-40 units), with 10% of 
participants stating they were actively dieting. The majority of participants (71%) were 
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regularly exercising for at least 1 hour per week (mean 4 ± 3.6 hours). All participants had 
normal, or corrected-to-normal, vision. Ethical approval for the study was obtained from the 
University of Surrey ethics committee (Appendix A). Eligible participants were entitled to 
claim three lab tokens for participation in the study as part of the Faculty undergraduate 
research participation scheme. Participants completing this task also undertook the reasoning 
task reported in chapter 5.  
Measures 
All measures have been previously described within the thesis. The measures that 
have been used are: 
The Dutch Eating Behaviour Questionnaire (DEBQ) (Van Strien, Frijters, Bergers, & 
Defares, 1986) was used to quantify eating behaviour traits. The Cronbach’s alpha for the 
measure in relation to this population were as follows; restraint eating α = .93, emotional 
eating α = .93 and external eating α =.89. 
The Power of Food Scale (PFS) (Lowe et al., 2009) continued to be used in addition 
to the DEBQ because of its specific focus on an individual’s motivational drive or hedonic 
wanting for food. There was strong internal consistency of the overall scale α = .92. For the 
three subscales of food present, food available and food tasted, α ranged from .76 to .89. 
Participant mood on the day and preceding few weeks was assessed using Positive 
Affect Negative Affect Schedule (PANAS) (Watson, Clark, & Tellegen, 1988). As previously, 
PANAS was administered twice at different time points within the procedure to ascertain a 
State score (affect on the day of testing) and a Trait score (affect over preceding weeks). The 
scale has strong internal consistency for both positive affect (PA) α = .89 and negative affect 
(NA) α = .88.  
The UPPS Impulse Behaviour Scale (Whiteside and Lynam, 2001) was again 
administered for consistency across the thesis. Internal consistency for the four factors within 
the sample was as follows: Negative urgency α = .89, Lack of premeditation α = .87, Lack of 
perseverance α = .81, and Sensation seeking α = .91. 
The Food Preference Checklist ( Hill, Leathwood, & Blundell, 1987) was 
administered to measure participants stated liking of foods. The measure lists 32 foods and 
participants respond whether they would like to eat that food at that time and rate their liking 
for the taste of the food on a scale ranging from 1 “completely dislike” to 9 “intense liking”. 
Participants are made aware of the need to respond to each food in isolation and not in 
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relation to the other foods on the list. There was missing data for 4 participants relating to 
their preference to consume listed foods, and missing data for 1 participant relating to their 
liking score. 
Visual Analogue Scales (VAS) were again used both before (pre) and after (post) the 
experimental task to evaluate participants’ stage of hunger, sleepiness and their self-efficacy 
in controlling their weight. For sleepiness the Karolinska Sleepiness Scale (KSS) was used.  
The Daily Fatigue Impact Scale (D-FIS) (Fisk & Doble, 2002) was administered to 
participants to quantify impact on quality of life and function caused by chronic fatigue. As 
with previous studies instructions given to participants highlighted the difference between 
sleepiness and fatigue. 
Valence ratings were taken of the food and non-food pictures used in the experiments 
in Chapters 7 & 8. Participants viewed each image and reported the extent they felt positively 
or negatively towards the picture using a scale that ranged from 1 = very negative to 10 = 
very positive (5 = neutral). Mean valence scores provided by participants were 5 ± 0.8 for 
non-food pictures and 7 ± 1.2 for food pictures. Therefore as expected the food stimuli are 
more positively emotionally salient than the non-food pictures. 
A food consumption measure was used to investigate whether any differences in 
actual eating behaviour were seen, either as a result of the experimental task or other reported 
trait behaviour. As with the previous study, participants were given free access to a number 
of foods whilst completing the paper and online based questionnaire measures. Participants 
were not advised this was part of the experiment, or that their consumption would be 
weighed, but were de-briefed in full at the end of the study. The same foods used in Chapter 7 
were included and are again described in Table 8.1. 
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Table 8.1 
Description of Items used in Food Consumption Test 
Food Category Product Name Fat per 100g 
Fat        Sat.Fat 
Sugar per 
100g 
Portion per 
participant 
F-S- Rice Crackers  7.5 0.8 2.7 22g 
F-S+ Haribo Starmix 0.08 0.04 63.4 50g 
F+S- Mini Cheddars 29.9 11.9 4.6 25g 
F+S+ Chocolate 
M&Ms 
20.7 12.5 66.4 50g 
Fresh Foods      
F-S- Cherry Tomato 0.3 0.1 3.1 6/65g 
F-S- Cucumber 0.1 <0.1 1.7 6 sticks/55g 
F-S+  Grapes 0.1 <0.1 15.4 10/65g 
 
Experimental Task 
The experimental task was programmed in e-Prime 2.0. Screen resolution on the 
display was 1024 x 768 and the refreshment rate was 60 Hz. All testing took place in a 
windowless room with controlled lighting to ensure conditions were consistent across 
participants. The task undertaken was a modified Eriksen flanker task (Eriksen & Eriksen, 
1974). As with the previous chapters, participants were required to make a response choice 
about a centrally presented target stimulus, while ignoring flanking distractor stimuli. Three 
types of trials were used in the experiment. In congruent (C) trials, target and flanker pictures 
were the same. In incongruent stimulus (ICS) trials, target and flanker pictures differed but 
were from the same response category. Finally, with incongruent response (ICR) trials, the 
target and flanker pictures were visually different and triggered different responses 
tendencies. There was an equal number of each trial type presented within each block.  
In contrast to the experiment described in Chapter 7, both food and non-food pictures 
were randomly presented within the same block. There were four experiment blocks, each 
containing 96 trials. Each block used two food images and two non-food images and the 
participants’ task was to respond to the central target by deciding whether it was a food or a 
non-food picture. Participants completed a training block at the start of the experiment and 
had further training trials at the beginning of each experiment block when the actual food and 
non-food pictures changed. Specifically in relation to the food pictures, the level of fat and 
sugar content was changed between blocks. Therefore, each block contained either F-S-, F-
S+, F+S- or F+S+ food pictures and visually matching non-food pictures.  
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This designed allowed us to analyse the effect of palatability variations on the flanker 
effect size. Block order was randomised across participants. The response keys for target 
category assignment was counterbalanced across participants.  
 
               
Figure 8.1 Schematic representation of an incongruent response and an incongruent stimulus 
trial using a food target stimulus. Examples are taken from the F+S- experimental block. 
 
Participants were positioned 60 cm from the display monitor. Individual images used 
were all 133x133 pixels with a visual angle of 5.5°x 4.5° with all 9 images presented in grid 
form creating a total visual angle of 16.5° x 13.5°.  Participants were required to respond to 
the central target as swiftly and accurately as possible. The trial started with the presentation 
of a fixation cross. All stimuli were presented on a white background. In each trial the 
flanking stimuli were presented for 100 ms before the central target stimulus was added to the 
display. Both flanker and target stimuli then remained on the screen for 150 ms after target 
onset and were replaced by the display of a fixation cross for 1750 ms between trials.  The 
inter trial interval was 2000 ms.  
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Figure 8.2 Schematic representation of the trial procedure showing a congruent non-food 
target trial and an incongruent stimulus food target trial sequence taken from the F-S+ 
experimental block 
 
Stimulus Validation 
The stimuli used in the task were externally validated food pictures taken from the 
Foodcast Research Image Database (FRIDa) that was described in the previous chapter. The 
same validation procedures were undertaken therefore the initial FRIDa validation data used 
to determine the stimulus shortlist were then subject to further local stimulus validation. As 
with the previous chapter food and non-food images were matched for colour and shape. To 
account for stimulus difference effects, spatial frequency and luminance were matched across 
both overall condition and by individual block. Results of the analysis are presented in Table 
8.2. Analysis did identify that within the F+S- block spatial frequency was significantly 
different between the food and non-food images, therefore this will be taken into account 
when interpreting results. 
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Table 8.2 
Analysis of Spatial Frequency and Luminance Values for Food and Non-food Experimental 
Images 
 Spatial Frequency Luminance 
Overall t(15) = 1.217, p = .29 t(15) = .118, p = .74 
F-S- Block t(3) =  .004, p = .95 t(3) = .923, p = .44 
F-S+ Block t(3) = .039, p = .86 t(3) = .083, p = .80 
F+S- Block t(3) = 45.885, p = .02 t(3) = .578, p = .53 
F+S+ Block t(3) = .476, p = .56 t(3) = .141, p = .74 
 
Procedure 
Screening procedures were undertaken prior to the participant engaging with the 
study. Participants were excluded from the study if they had either been diagnosed with or 
experienced any eating disorder, drug or alcohol addiction, diabetes, depression, epilepsy or 
other psychiatric or neurological condition. Further due to the food stimulus being presented 
and consumed, to avoid study sample related confounds, participants were also excluded if 
they had food allergies or ate a vegetarian/vegan diet. All participants followed the same 
procedure (see procedural protocol checklist: Appendix F). After obtaining informed consent, 
the State PANAS, D-FIS and first set of VAS were administered. Participants then completed 
the reasoning task reported in Chapter 5. Participants were then given a 5 minute break whilst 
the researcher talked to them in order to both relax, and distract the participants, prior to them 
completing the second VAS ratings. At this point participants undertook the flanker 
experiment task, after which the third set of VAS ratings was administered. Participants were 
told that they had finished both experiments with the exception of completing the 
questionnaire measures. At this time they were also informed they could consume the food 
items that had been provided for their refreshment and in recognition of the commitment 
made for completing both experiments. The food preference checklist and picture valence 
ratings were administered in paper form with all other data completed online on the lab 
computer. The researcher waited outside of the experimental room whilst participants 
completed the questions prior to returning to the room and debriefing the participants. 
Data analysis 
Normality and distribution of variables was reviewed against z-score skewness and 
kurtosis cut of ± 1.96 and by reviewing the Shapiro-Wilk tests. Responses were positively 
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skewed in relation to a number of questionnaire and demographic variables including BMI, 
negative affect, hunger and restraint (See appendix K). A review of participant responses 
indicated no consistent outliers across measures. After visual inspection of outliers, the 
decision was taken to not exclude these participants who were outliers in individual 
categories because we did not want to reduce the relatively small sample size even further. 
For the flanker task, the reaction time (RT) and error rate data were also analysed. 
Correct responses were included where reaction times were between 150-1000 ms post target 
presentations. The same time window was used to determine choice error rates (wrong 
response key). In addition, the percentage of anticipation errors (RT <150ms), late responses 
(RT >1000ms) and no responses were calculated. Analysis was only conducted on RT’s and 
choice error rates when the previous trial was correct to exclude noise in the data by potential 
post error slowing effects. Flanker effects were calculated by deducting the mean values for 
the congruent trials from mean values of the incongruent stimulus trials (flanker effect – ICS; 
FE-ICS) and incongruent response trials (flanker effect – ICR; FE-ICR) for each target 
stimulus type. The normal distribution data of experimental variables is also included in 
appendix K. It indicates positive skew with regard to error rates and some slight positive 
skew in relation to RT in the C & ICS food target condition. Nonetheless, it was decided to 
calculate ANOVAs due to its robustness to violations of distribution and the lack of a viable 
alternative statistical method. Of course, results will be interpreted with caution. Huynh-Feldt 
corrections were used in the event of a violation of the sphericity assumption. Post-hoc paired 
t-tests were conducted and Bonferroni corrections applied, where necessary. As in previous 
chapters effect sizes are reported and partial eta squared (ƞp2) values of .01, .06, and .13 are 
assumed to constitute small, medium, and large effect sizes (Cohen, 1992). 
For the statistical analysis of RT and error rates, 2 x 3 repeated measures ANOVAs 
were initially undertaken with the factors of target stimulus (Food vs Non-Food) and trial 
congruency (C vs ICS vs ICR). Planned secondary analysis was undertaken with respect to 
possible variation in processing of food pictures across blocks based on variation in fat and 
sugar content. Several repeated measures ANOVA were conducted here. Initially a 4 x 3 
repeated measures ANOVA was computed with the factors of block (F-S- v F-S+ v F+S- v 
F+S+) and trial congruency (C vs ICS vs ICR). ANOVAs were also conducted directly on the 
flanker effect measures.     
Finally, in order to assess the relationship between experimental measures such as 
overall RTs, error’s and FE’s, and individual differences in questionnaire measures, BMI, and 
food consumption, responses were correlated using Kendall Tau. 
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8.3. Results 
The research sample scores for the questionnaire measures are presented in Table 8.3 
alongside the published norm data. The participant responses fall within expected population 
variance based on a range of two standard deviations from the mean. As mentioned in 
Chapter 7, to our knowledge there is no standard norm data available for the D-FIS scale for a 
general population.  
 
Table 8.3 
Descriptive for Population and Published Norms of Psychological Questionnaire Measures 
Questionnaire Measures Research 
Sample 
Mean ± SD 
Published  
Norms 
Mean ±SD 
Positive Affect _ Trait 31.0 ±7.5 32.0 ±7.0 
Negative Affect _Trait 17.7 ±6.3 19.5 ±7.0 
Positive Affect _State 29.0 ±6.3 29.1 ±8.3 
Negative Affect _State 13.4 ±4.1 16.3 ±6.4 
Power of Food Scale (PFS)  2.9 ±0.9 1.9 ±1.1 
PFS  - Food Available 2.7 ±1.1 1.8 ±1.0 
PFS - Food Present 3.2 ±1.2 2.1 ±1.1 
PFS - Food Tasted 2.9±0.9 1.9 ±1.0 
DEBQ - Restraint 2.2 ±0.9 2.21 ±0.9 
DEBQ - Emotion 2.5 ±0.9 1.92 ±0.7 
DEBQ – External 3.3 ±0.8 2.66 ±0.8 
D-FIS 11.4±5.5 None available 
UPPS - Urgency 28.2 ±6.3 32.87 ±8.96 
UPPS - Lack Premeditation 23.9 ±4.9 21.85 ±5.24 
UPPS - Lack Perseverance 20.6 ±3.9 19.90 ±4.91 
UPPS - Sensation Seeking 36.4 ±7.5 26.11 ±6.76 
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Table 8.4 Correlation Table of Psychological Variables. (** = p <.01 * = p <.05) 
Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
1. BMI -                  
2. Positive Affect Trait .086 -                 
3. Negative Affect Trait 
 
.072 -.033 -                
4. Positive Affect State .004 .322** -.082 -               
5. Negative Affect State .048 -.033 .438** .096 -              
6. Power of Food Scale -.032 .002 .138 -.158 .089 -             
7. PFS – Food 
Available 
-.025 -.002 .095 -.160 -.023 .752** -            
8. PFS – Food Present -.115 -.042 .123 -.207* -.113 .793** .620** -           
9. PFS – Food Tasted -.004 .125 .272** -.117 .240* .554** .351** .439** -          
10. Restraint Eating .275** -.058 .005 -.120 -.032 .038 .083 -.024 -.012 -         
11. Emotional Eating -.025 -.092 .147 -.041 .044 .335** .322** .333** .198 .013 -        
12. External Eating -.115 -.091 .197 -.205* .037 .569** .517** .555** .340** -.027 .476** -       
13. Food Preference  -.137 .034 .104 -.028 .044 .193 .173 .217* .133 -.136 .109 .185 -      
14. Fatigue -.202 -.217 .133 -.160 .222 .356** .274* .435** .262* -.055 .173 .290* .359** -     
15. Urgency -.002 -.067 .308** -.103 043 .235* .184 .266* .228* .205* .256* .343** .207* .142 -    
16. Lack Premeditation -.197 -.031 .000 -.355** -.288** .272** .355** .286** .153 .150 .115 .314** .175 .049 .314** -   
17. Lack Perseverance -.043 -.332** .118 -249* .035 .125 .099 .177 -.011 -.028 .028 .156 .060 .216 .039 .228* -  
18. Sensation Seeking .128 .135 -.093 .220* -.024 -.039 .005 -.068 -.034 -.157 -.179 -.164 .085 -.140 -.146 -.127 -.101 - 
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As shown in Table 8.4, increased levels of BMI were associated with increased self-
reported restraint behaviour, τ = .218, p = .007.  The expected correlation between external 
and emotional eating trait behaviour was significant, τ = .476, p < .001, as was the 
relationship between the PFS and external eating (τ’s range = .340 - .569, all p’s ≤ .01), and 
to a lesser extent between the PFS and emotional eating (τ’s range = .322 - .335, all p’s ≤ 
.02). However, we did not see a correlation evident between negative affect and emotional 
eating behaviour however. Of interest was a pattern of relationship evident for fatigue, which 
showed positive correlations with external eating, τ = .290, p =.011, the PFS, (τ’s range = 
.262 - .435, all p’s = <.022), and with overall food preference, τ = .359 p = .001. 
 
8.3.1. Flanker Task - Reaction Times 
Firstly, I reviewed the participants mean reaction times (RT) for the food and non-
food targets independent of food type. The mean RT for food target trials (447 ± 53 ms) was 
faster than the mean RT for non-food targets (457 ± 48 ms). A repeated measure 2 x 3 
ANOVA with the factors target type (Food v Non-Food) and trial type (C v ICS v ICR) was 
conducted. The results confirmed that there was a significant main effects of target type, 
F(1,47) = 19.11, p < .001, ƞp2 = .29. There was also a main effect of trial type, F(2,94) = 
866.99, p < .001, ƞp2 = .95, but no significant interaction between the factors.  Specifically, 
responses were faster for food target pictures compared to non-food target pictures. This RT 
difference was consistent across all trial types, i.e. flanker effects did not vary dependent on 
target type (food vs non-food) as shown in figure 8.3a. This can also be seen when FE’s for 
food and non-food target types are compared as shown in 8.3b.  
The expected increase in level of conflict between ICS and ICR trials was evident. 
These results suggest that any difference in participant response to the food and non-food 
pictures was primarily being driven by a difference in valence of the target picture 
independent of the valance of flanking stimuli. Interestingly this valence difference did also 
not translate to an increase in congruency effects when non-food targets were surrounded by 
more positively valenced food pictures compared to congruency effects when food targets 
were surrounded by more neutral non-food pictures. 
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a)                                                                 b)  
Figure 8.3 a) Mean RT for food target stimulus and non-food target stimulus for congruent, 
incongruent stimulus and incongruent response trials, b) FE ICS and FE ICR for food and 
non-food targets. 
 
 To understand these effects in more detail, the next analysis performed was to 
examine whether participant responses varied by block based on whether the food image was 
high/low in fat and sugar. As the question being examined was to consider whether variation 
in perceived food palatability affected participant ability to inhibit distraction responses to 
food pictures, a 4 x 3 repeated measures ANOVA was run with the factors of block (F-S- v F-
S+ v F+S- v F+S+) and trial congruency (C v ICS v ICR) using only food target trials. There 
was a significant main effect of block, F(3,141) = 5.86, p = .001, ƞp2 = .11. Post hoc 
comparisons were made to compare the blocks (Bonferroni adjusted p= .008). Significant 
differences in responses were seen for the F-S- block in comparison to the F-S+ block, t(47) 
= 4.22, p < .001, and between the F-S+ block and the F+S+ block, t(47) = 2.78, p = .008. The 
expected significant main effect of trial congruency was evident, F(2,94) = 589.83, p < .001, 
ƞp2 = .93, as well as a significant interaction between the two factors F(6,282) = 2.31, p = .03, 
ƞp2 = .05. The interaction is shown in figure 8.4 and indicates that this relationship is rather 
complex.  
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Figure 8.4 RT for food target trials for congruent, incongruent stimulus and incongruent 
response trials illustrated by experimental block. 
 
This interaction was analysed in two steps. Firstly, RT differences between blocks for 
the congruent trials was analysed with a one-way ANOVA. The difference between blocks 
was borderline significant, F(3,141) = 2.52, p = 0.06. Secondly, flanker effect differences 
were analysed in order to avoid potential numerical reaction time differences in congruent 
trials might influence the block comparison in the other conditions. The flanker effects are 
displayed in figure 8.5.  Initially, a repeated measures ANOVA was conducted with the 
factors FE type (FE-ICS vs FE-ICR) and Block (F-S- v F-S+ v F+S- v F+S+). The main 
effect of FE type was highly significant, F(1,47) = 306.68, p < .001, ƞp2 = .87, indicating that 
FE-ICS are smaller than FE-ICR. More importantly there was also a main effect of Block, 
F(3,141) = 3.24, p = .024, ƞp2 = .06, showing that flanker effects vary between blocks. Post-
hoc paired t-tests (Bonferroni adjusted p = .008 showed that the main effect of block was due 
to enhanced FEs (ICS+ICR combined) for the F-S+ block compared to the F-S- block, t(47) = 
3.03, p = .004 (see figure 8.5a). The interaction between FE type and Block was not 
significant. 
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Figure 8.5 a) FE-ICS and FE-ICR displayed for food target trials per block. b) Visual 
representation of comparison of FE-ICS and FE-ICR when food target pictures contained 
savoury or sweet food type. 
 
Interestingly, a visual inspection of the flanker effects in figure 8.5 also showed that 
flanker effects in the savoury blocks (F-S- and F+S-) seem to be smaller than the flanker 
effects in the sweet blocks (F-S+ and F+S+). Therefore, we combined these blocks. The mean 
flanker effects for sweet and savoury blocks are displayed in Figure 8.5b. Based on this, we 
conducted another repeated measures ANOVA with the factors FE type (FE-ICS vs. FE-ICR) 
and Sweetness (low vs. high) and Savoury (low vs. high) to confirm this effect. There were 
significant main effects FE Type, F(1,47) = 306.68, p < .001, ƞp2 = .87, and Sweetness, 
F(1,47) = 9.64, p = .003, ƞp2 = .17. The three-way interaction between the factors was 
borderline significant, F(1,47) = 3.61, p = .064, ƞp2 = .07. This shows both ICS (within 
category) and ICR (cross category) flanker effects are larger in sweet than in savoury blocks 
(see figure 8b), meaning participants are more distracted by surrounding information when 
looking at sweet foods, whether being distracted by other sweet foods (within category), or 
non-food items (cross-category). This distraction effects were smaller for savoury foods both 
for within and cross-category flanker effects.   
Block differences were also analysed for non-food targets for the dependent variables 
RT and flanker effects. No block effects were found. 
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In summary, RT results indicate participants were significantly quicker to respond to 
the food targets than the non-food targets. However, results also indicated no significant 
difference in flanker effects within a category or across categories for food and non-food 
targets when data were analysed across blocks. When analysing flanker effects by palatability 
for the food target trials only, it was shown that participants had enhanced flanker effects for 
sweet food targets compared to savoury food targets.  
8.3.2. Flanker Task – Error Rates 
As described in previous chapters, Choice error rates (incorrect responses), 
anticipation errors (<150 ms), late responses (<1000 ms) and no responses were calculated. 
The mean percentage of anticipation responses by participants was 0.03 ± 0.2%, for late 
responses participant mean was 0.7 ± 1.4% and participants made no response on 0.4 ± 0.2% 
of all trials. The mean choice error rate for participants was 7.7 ± 5.5%. Choice error rates 
were used for the detailed analysis.  
 
Table8.5  
Mean Percentage Error Rates (SD) by Target Stimulus and Trial Type  
 Food  Non-food 
Congruent 3.1 ±3.2 3.8 ±4.1 
ICS 4.2 ±4.4 3.4 ±3.7 
ICR 16.4 ±11.5 15.5 ±11.5 
Overall 7.9±5.2 7.6±5.3 
 
Preliminary examination of the data indicates minimal differences between food and 
non-food conditions but an increased number of errors on ICR trials reflective of the 
increased level of conflict.  This was confirmed in a 2 x 3 repeated measures ANOVA with 
the factors target type (food v non-food) and trial type (C v ICS v ICR). Results showed no 
significant main effect of target type F(1,47) = .37, p = .545, but a significant main effect of 
trial type F(1.097,50.698) = 70.12, p < .001, ƞp2 = .60. No significant interaction between 
factors was evident F(1.664,78.223) = 2.37, p = .11, ƞp2 = .05.   
Due to the small number of errors made by participants (average 34 trials per 
participant) the block wise analysis of any differences in error rates based on the perceived 
palatability of the food target stimulus was simplified to a comparison of mean error rates by 
block. The findings of the one way ANOVA revealed a significant difference between 
blocks, F(3,141) = 4.04, p = .009, which was due to differences between F-S+ and F+S+ 
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blocks, t(47) = 3.59, p = .001. These were the blocks with the highest and lowest mean error 
rate as shown below in figure 8.6. 
  
 
Figure 8.6 Mean plot of participant errors on food target trials by block. 
 
In summary, participants had the same error rates for the food and non-food target 
conditions, and the level of errors increased when participants experienced greatest conflict 
when they were exposed to incongruent response trials, independent of target type (food v 
non-food). Although there were differences in error rates for the food target trials based on 
the fat and sugar content, the limited number of errors overall means the interpretation of 
these findings is very restricted and rather exploratory. Because of the low error numbers, it 
was also not possible to examine error flanker effects differences for each block separately.  
8.3.3. Flanker Task and Questionnaire Measures 
The final level of analysis was to correlate the experimental results with the key 
questionnaire measures to examine whether self-reported eating behaviour or affect were 
showing a relationship with the behavioural data.  
Have examined RT, errors and FE for both food and non-food targets in relation to 
BMI, Affect, PFS and the DEBQ, the only significant correlations that were seen were as 
follows. BMI negatively correlated with the FE magnitude in the food target/non-food flanker 
condition, τ = -.216, p = .031, which indicates a stronger food target selection with increasing 
BMI. The PFS negatively correlated with food FE ICS magnitude, both for the PFS overall, τ 
= -.233, p = .021, and specifically for the PFS factors of food present, τ = -.211, p = .040, and 
food tasted τ = -.278, p = .007. This indicates that participants reporting increased motivational 
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drive to consume food (as measured by the PFS) have reduced flanker effects in the food ICS 
condition only, i.e. less distraction from the food target picture by other flanking food pictures. 
This appears counter-intuitive but is a similar effect to the finding in chapter 6 where external 
eaters had reduced flanker effects where palatable food flankers were present. Here it was 
speculated that individuals may, over time, developed a strategy to inhibit their automatic 
response to food to reduce the level of distraction experienced. The only other significant 
correlation was between state negative affect and non-food FE ICS, τ = .236, p = .026 indicating 
an increased level of distraction from the target when other non-food pictures are presented, 
which may indicate a lack of engagement when no food stimulus was present.  
8.3.4. Food Consumption  
 Participants ate on average 20% of the snack food made available for them. Within the 
population sample the percentage of food consumption ranged from 0% to 70%. There appears 
to be no real difference in the amount of food consumed based on individual food categories 
and unlike the previous chapter, there was no difference evident in consumption when the foods 
were collapsed into the simple dichotomy of savoury and sweet foods (based on whether they 
were high or low in sugar). 
 
 
Figure 8.7: The mean percentage of food consumed by participants is displayed both overall 
and in the sub-group categories.  
 
 The amount of consumed food was correlated with both questionnaire and experimental 
measures. For the questionnaire data, the pattern of relationships differed from that seen in the 
previous chapter. Food consumption did positively correlate with both fatigue, τ = .310, p = 
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.006, and sleepiness at time 2, τ = .295, p = .007, and time 3, τ = .324, p = .002, but the expected 
association with hunger was not present. As in the previous chapter there was a positive 
correlation between food consumption and the Food Preference Checklist, τ = .242, p = .017. 
However, no relationship between food consumption and hedonic liking was evident. An 
increased impulsive tendency, specifically to lack perseverance, was associated with an 
increase in food consumed, τ = .264, p = .012 
More importantly, increased levels of emotional eating were positively associated with 
increased percentages of food consumed overall, τ = .200 p = .048, as was the PFS-Food 
Present sub-scale, τ = .227, p = .028.  When looking at the consumption of specific food groups, 
emotional eating positively correlated with both the consumption of F-S+, τ = .201, p = .049, 
and F+S+, τ =.217, p= .042. For the PFS-Food Present sub-scale there was a positive correlation 
with food consumption for all of the food groups with the exception of the F-S- foods (F-S+: τ 
= .279, p = .007; F+S-: τ = .268, p = .015; F+S+: τ = .319, p = .003). Interestingly this pattern 
was the same, albeit at a lower level of significance, for external eating behaviour and food 
consumption (F-S+: τ = .218, p = .035; F+S-: τ = .225, p = .041; F+S+: τ = .253, p = .019).  
With regards to the experimental task measures, there was no correlation between food 
consumption and participants’ experimental performance (RT’s, error rates, flanker effects).   
To conclude, participants displayed the expected flanker effects resulting from 
increased levels of conflict from congruent through incongruent stimulus and incongruent 
response trial types. Error rates also showed flanker effects, i.e. they did increase 
significantly when participants experiences heighted conflict caused by response incongruent 
trials. In addition, participants were significantly quicker to respond to food target trials than 
non-food target trials but there was no difference in flanker effect sizes when comparing 
these food and non-food target condition. When looking at the effect of palatability on 
flanker effects it was shows that these were larger for sweet than savoury food targets 
irrespective on the flanker type (ICS: within response category, food flanker; ICR: cross-
category, non-food flanker). Finally, there was no clear relationship between experimental 
measures and eating behaviour trait, affect, or food consumption although there were some 
significant relationships evident between eating behaviour trait and the amount of food 
consumed. 
8.4. Discussion 
As expected the normal flanker effects were seen in this study whereby participant 
responses are significantly slower as increasingly levels of conflict are experienced caused by 
flanking picture stimuli. Although the results showed participants responded more quickly 
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when the target stimulus was a food picture rather than a non-food picture, there was not the 
expected variation in levels of distraction between the food and non-food target conditions.  A 
relationship between eating behaviour or affect and the cognitive processing of the stimuli was 
not clearly seen in the results and therefore these hypotheses were not supported. There was 
some evidence of variation in participant response based on the different palatability food 
groups and as expected, levels of distraction by food images was lowest in the F-S- group. 
However results indicated a complex pattern and an indication that sugar content was 
influential, more than fat, on the level of distraction. The implications of these findings will be 
the focus of the discussion below. 
In this study participants were quicker to respond to food targets than non-food targets 
regardless of trial type. Interestingly when this result is compared to the findings in chapter 7 
there are clear differences that would indicate that with this study design, salience effects may 
be driving results. A number of prior research studies have demonstrated that food pictures 
have heightened emotional valence in comparison to neutral stimuli such as office equipment 
(Brignell et al., 2009; Nijs, Franken & Muris, 2008) If an image is more emotionally salient to 
an individual, then you expect to see quicker, automatic reactions. The change in study design 
with this chapter, where food and non-food pictures were present within the same block may 
have led to differences in salience becoming more apparent i.e. in reaction time differences 
between food and non-food targets. This would occur because strategic effects to counteract 
the valence effect, on a block by block basis, could not be employed in contrast with the study 
design in Chapter 7 where food and non-food blocks were used separately. It would appear that 
when processing food and non-food pictures in close proximity, as with this study, the 
emotional draw of food is seen by increased attention towards the food target pictures. 
The findings do illustrate again that the question of palatability effects do not appear to 
operate on a clear linear basis. Although it has been consistently shown in both Chapter 6 and 
here, that F-S- pictures show the smallest distraction effects, it is not clear whether fat or sugar 
(or both) are more distracting across populations. The results presented here indicate that the 
sugar content of foods (as opposed to fat) may have a stronger influence on how participants 
attend to food pictures. The participants were slower to respond to food picture targets 
containing high sugar foods, indicating an attempt to avert attention away from the target 
stimuli. The FE’s for the high sugar target trials were significant greater than for the savoury 
target foods both when other (equally high sugar) food pictures were the distracting stimuli and 
for when non-food pictures were the distractors – hence why it would appear indicative of an 
effort to direct attention away from the sugar food target. But the findings need to be considered 
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with caution and before any firm conclusions can be drawn, the effect would need to be 
replicated and also examined using an alternative method, such as eye-tracking, where a clear 
indication of attention towards, of away, from the target stimuli can be ascertained.  
A key goal of finding further evidence of a relationship with eating behaviour traits was 
not achieved with this study. There are some findings that appear to support the overall 
theoretical proposition that certain individuals do adopt a cognitive strategy where they inhibit 
automatic distraction by food (e.g. the negative correlations between PFS and food ICS trials) 
but the lack of consistent pattern with the key eating behaviours, in particular emotional and 
external eating, means that little weight can be given to this here. The absence of mood effects 
is also puzzling, and therefore consideration of the possible explanations for the lack of findings 
need to be made. The significant correlations seen in Chapters 6 & 7 between eating behaviour 
traits and flanker effects come from conditions where food only and non-food only blocks were 
run. Therefore it could be the case that the cognitive control adjustments that were seen, are 
only apparent in food only environments. If this is the case, then this would indicate its 
effectiveness as a strategy is relatively limited and would not be upheld in the day to day quick 
changing environment we live in, where food and non-food stimuli often over-lap. An 
alternative explanation, which means we should not throw the theory of cognitive control 
adaptation away quite yet, is that the effects seen here are a direct consequence of participants 
prior participation in the causal reasoning experiment reported in chapter 5. It is quite possible 
that the effect of undertaking a cognitively demanding reasoning task may have depleted the 
resources available to participants. As I have previously theorised, the application of cognitive 
control in order to inhibit distraction by food would require cognitive effort, and the CCR task 
confounded our results by reducing participants’ efforts to maintain levels of cognitive control. 
In this case, the emotional valence of food becomes the dominant factor with participants 
responding mainly as a result of this. 
8.4.1. Limitations and future directions 
 The main limitation to this study is in the detail of the experimental design used here. 
Although the intention was to attempt to present a design that replicated the day to day exposure 
of food and non-food stimulus simultaneously, the design may have introduced a number of 
confounds that have subsequently minimised the chance of finding clear effects relevant to 
food and behaviour. Not least the prior participation in a cognitively challenging reasoning 
task. In relation to the flanker task itself, by having few picture samples per block and not 
matching stimuli for valence, there is a risk of the results being influenced by strong individual 
differences in participants’ views of the pictures in terms of palatability or valence. We have 
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attempted to control for this by obtaining valance ratings from the participants and correlating 
hedonic liking of foods with experimental results, but perhaps future studies would benefit 
from using a wider range of pictures, and ideally matching pictures to participants, for example, 
based on their own particular palatability ratings. The design applied is quite complex. In future 
it may be preferable to return to a more simplified design, as seen in previous chapters, in order 
to examine in detail the individual differences in flanker effects identified. 
8.4.2. Conclusion 
 When exposed to food and non-food pictures simultaneously, clear effects of 
differences in emotional salience are evident. Flanker effects were greater for sweet (high 
sugar) food target pictures compared to savoury (low sugar) food target pictures, regardless of 
whether the distracting stimuli were food or non-food. The overall implications of the findings 
from the three flanker studies will now be considered in the general discussion in Chapter 9 
alongside the findings from the reasoning chapters. An explanation for the difference in pattern 
of relationship between eating behaviour traits and the two cognitive processes being proposed 
alongside a discussion of the future implications and relevance of the findings.  
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Chapter 9: General Discussion 
The aim of this thesis was to examine whether eating behaviour traits influence 
cognitive performance. In particular the thesis has focused on the three primary eating 
behaviour traits of Restraint, Emotional and External eating, to investigate the extent they are 
related to individual differences in the cognitive processes of causal reasoning and distraction 
by food images. Research had previously identified that eating behaviour traits were 
negatively associated with a number of health outcomes and propensity for weight gain 
(Finlayson et al., 2012; Westenhoefer et al., 1999; Ganley, 1989; Brignell et al., 2009). The 
examination of how those eating behaviour traits are also related to aspects of a person’s 
cognitive processing performance will help with the understanding of why certain behaviour 
change interventions, such as the provision of nutritional and food knowledge, are not as 
effective as intended. Further, the discussion will consider how the results of the thesis are 
relevant in informing future intervention design. The findings open up possible intervention 
opportunities that specifically target individuals’ cognitive processes, such as providing 
cognitive training to aid the maintenance of cognitive control, thereby reducing distraction by 
food in the environment. In this general discussion the findings from the two streams of 
research will be synthesised and will be discussed in terms of their contribution, limitations 
and the possible future directions for research. The discussion will bring together the results 
in light of the principles of dual-process models and the evidence for an interaction between 
automatic and controlled processes, an understanding of which aids explanations of health 
behaviour and related cognition. The discussion will close with the presentation of final 
conclusions as they currently stand. 
9.1 Synthesis of Research Findings  
 The findings from the causal conditional reasoning research most closely mirror 
results seen in previous studies. Namely that restraint is related to a reduction in executive 
function and working memory capacity in particular (Green et al., 2003; Kemps & Tiggeman, 
2005). However, this perhaps does not reflect the true novelty of the findings. The causal 
conditional reasoning task is not a working memory task. The CCR task was chosen in order 
to consider a novel paradigm and cognitive process, one that is related to the reasoning 
processes that individuals undertake, but where an applied approach to reasoning has not 
been undertaken before. It is more the case that the prior research connecting restraint and 
working memory provides a means for interpreting and understanding the relationship 
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between restraint and reasoning that began to emerge through the thesis. In presenting a dual 
process model of reasoning, it is suggested that individuals are drawing simultaneously on 
both automatic and controlled processes, and working memory is consistently proposed as 
being central to controlled, analytical reasoning processes (Evans & Stanovich, 2013). As a 
result, it appears sensible to conclude that, based on the prior evidence, it is this part of the 
cognitive process that is at the route of the explanation for why differences in reasoning 
performance and ability is seen in relation to restraint eating trait.  
In relation to the causal reasoning findings, the study presented in chapter 3 found that 
although participants were less willing to endorse conclusions for obesity causal relationships 
compared to general causal relationships they were better at making more logical reasoning 
judgments in relation to obesity causes than general causal rules. The exception to this being 
however where there was an increased tendency towards restraint, whereby the increased 
accuracy in reasoning performance for obesity causes was absent, although general causal 
reasoning performance was the same across participants. The study did show that reasoning 
did not differ based on the type of obesity cause being presented, i.e. whether biological, 
environmental, psychological or behavioural and therefore it appeared sensible to focus in on 
behavioural causes of obesity in subsequent studies as this was the area where arguably, 
participants should have the most direct knowledge and control. Many of the original findings 
are replicated in the chapter 4 study, for example that participants are less willing to endorse 
obesity causal relationships, but with this study, the detrimental relationship between restraint 
and logical reasoning performance was seen across both the obesity and general causal tasks. 
As there were a number of methodological improvements made for the second study, the 
pattern of results seen may be a more accurate reflection of the relationship between restraint 
and cognitive performance. Specifically that increased levels of restraint is associated with a 
general reduction in cognitive capacity when undertaking causal reasoning judgments, as 
opposed to being limited to a deficit when undertaking obesity causal reasoning only. If there 
is a general reduction in causal reasoning ability this supports the theory that individuals have 
a limited cognitive capacity and that individuals who attempt to maintain higher levels of 
restraint are drawing on cognitive resources which in turn has a detrimental effect on other 
cognitive processes. 
 Many of the thesis results can be explained by previous literature. For example, in 
relation to causal conditional reasoning, it has been shown that differences in an individuals’ 
levels of familiarity with the subject of the causal relationship, influences the judgements 
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made (Cummins et al., 1991; Cummins, 1995). The more familiar a person is, i.e. the more 
past experience, or knowledge, of the causal relationship, the more able they are to consider 
alternative causes for the outcome or conditions where the proposed outcome does not occur. 
In the case of behavioural causes of obesity, this is similar to where an individual may know 
that consuming high fat high sugar foods, such as cakes or chocolate, may be a causal factor 
in obesity, but they may also know of individuals who have poor dietary habits who sustain a 
normal or low weight. In addition individuals may be able to think of circumstances where 
the food/weight causal relationship can be broken, for example by restricting food 
consumption on subsequent days. In essence, the familiarity with their own experience and 
justification for their behavioural choices, will interact with prior knowledge and educational 
information where they are being told to accept obesity causal relationships as fact, or in the 
case of our research, rules. Here although they are undertaking a controlled, analytical 
reasoning process, automatic responses and belief, rather than knowledge, is strongly 
influencing the reasoning process. Chapter 4 in particular provides strong evidence for the 
influence of automatic beliefs over controlled reasoning behaviour with participants clearly 
unable to ignore the influence of their beliefs when asked to make controlled, logical rule-
based judgments. Further in both chapters 4 or 5, variation in participant nutritional 
knowledge and eating recommendations did not appear to be related to causal reasoning 
performance. This means that even in populations who have a high level of nutritional 
knowledge and awareness of healthy eating recommendations, this is not sufficient to 
counteract belief bias. 
 The findings for the causal conditional reasoning studies are slightly muddied by the 
results seen in chapter 5. Although the lab based experiment was successful in providing 
further confirmation of the influence of automatic beliefs about causal connections, what was 
not evident was a similar pattern of reasoning deficit with restraint eating behaviour. 
However, it is important to recognise that the study itself was a well-controlled manipulation 
of the two reasoning pathways. Therefore chapter 5 serves a substantial purpose in 
establishing how automatic processes are influential. The previously suggested model being 
that under time pressure, automatic biases should become more apparent. Conversely, what 
was found was, that belief bias was consistent regardless of time condition. Therefore this 
reinforces the need to take such automatic biases into account when understanding the dis 
connect between knowledge, and behaviour.  
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The previous research has shown some contradictory findings in relation to whether 
the cognitive deficit seen is associated with restraint as a trait (i.e. a stable characteristic) or in 
the specific context of actively dieting. Although studies have shown a cognitive impairment 
for restrained eaters in comparison to unrestrained eaters (Brunstrom, Davison & Mitchell, 
2005; Westenhoefer et al., 2013), alternative findings indicate that it is only where restraint 
trait is combined with active dieting that significant deficits in cognitive function become 
apparent (Green, Elliman & Rogers, 1997; Jones & Rogers, 2003; Kemps & Tiggemann, 
2005). In chapter 5 only 8% of participants were actively dieting, and if this is contrasted 
with chapter 3 where 17% of participants were actively dieting, then it could be argued that 
there was an insufficient number of active dieters within the final population for significant 
results to be seen or comparisons on the basis of dieting behaviour to be made. But, as 
indicated previously in the discussion of chapter 5, the task itself may partially explain the 
difference in results seen. The simplification of the CCR design to just using MP and AC 
forms, and the change in conditions for the task (from an online questionnaire to a lab-based 
task) may have removed the need, or capacity, for participants to make substantial use of 
working memory or executive function as there was a reduction in analytical thinking that 
was required. Participants perhaps disengaged from the logical reasoning aspect of the task, 
and responded almost purely on strength of association and prior belief. Clearly the results 
themselves show that belief and familiarity are the dominant driving force behind participant 
responses, irrespective of speed of decision, and this is an important finding in itself, but it is 
recognised that if a future study was undertaken with a more equal distribution of dieters and 
non-dieters, that would help determine what possible additional detrimental effect active 
dieting may have. 
 The research looking at individual differences in ability to inhibit distraction from 
food pictures produced some interesting and novel findings. Chapter 6 indicated that 
emotional eaters were slower to respond to the target food stimulus but that external eaters 
were significantly less distracted by palatable food distractors, but not non-palatable food 
distractors. In contrast in Chapter 7, both external and emotional eaters were associated with 
a significantly slower response to the food target stimulus, but only emotional eating was 
associated with having a significantly greater ability to modulate levels of cognitive control 
in response to conflict experienced from food stimulus, but no such relationship was apparent 
in relation to modulation of cognitive control for non-food stimulus. When the two chapters 
are taken into account together, they not only offer the interesting insight that the application 
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of cognitive control in response to food images is perhaps contradictory to the direction we 
typically associate it with, i.e. we originally hypothesized that external eaters would 
demonstrate significantly greater levels of distraction by food stimulus and the results were in 
the opposite direction, but that the interaction between automatic and controlled processing 
responses is key to interpreting the behaviour seen. But one question remains over how to 
interpret the potential contradiction between the two chapters over which eating behaviour 
trait is actually associated with an increased ability to inhibit distraction from food pictures? 
What the results arguably indicate is the difficulty in separating out participants into the three 
distinct eating behaviour traits. As shown by the results summary in table 9.1, across the 
thesis emotional and external eating behaviour are consistently correlated which indicates an 
element of shared variance between traits. This pattern is not repeated in relation to restraint 
however. There were no significant correlations seen between external eating and restraint, 
and small correlations between emotional eating and restraint were seen inconsistently. 
Therefore it may be the case that rather than trying to decide whether the results of the 
flanker are spurious (due to their conflicting relationship to different eating behaviour traits), 
or trying to pick which of the two eating behaviour traits the findings “truly” relate to, it may 
be the case that instead the results are indicating that where individuals have an increased 
automatic response to food, either based on their emotion or its presence in the environment, 
they develop over time an increased level of cognitive control in an attempt to minimise the 
effects of this automatic response. In which case, effects could be seen for both high external 
and high emotional eaters and indeed, in many circumstances individuals may be one and the 
same.    
Table 9.1 
Correlation between the Eating Behaviour Traits for each of the Thesis Studies 
 S1 S2 S3 S4 S5 S6 
Emotional 
& External 
.473 .459 .535 .436 .209 .476 
Emotional 
& Restraint 
.208 .233 .046 .139 .229 .013 
External & 
Restraint 
.010 .132 -.083 .146 .115 .027 
Note: S = study, with the number representative of the order that the studies are presented within the thesis. 
Where number is highlighted in bold this represents a statistically significant correlation. 
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Although it is recognised that in Chapters 6 and 8 clear palatability effects were not 
found, it is still hard to let go of the thought that palatability is likely to influence people’s 
response to food, and drive some individuals towards consumption. Perhaps the way that 
palatability is viewed needs refinement. The categorisations of food groups used in the thesis 
reflects the wider literature, and the premise that fat and sugar make things taste good. 
Indeed, the only consistent finding across the thesis is of the low fat low sugar category 
showing the lowest level of distraction for participants. But it may be that the domain is more 
appropriately seen on the basis of a savoury sweet dichotomy whereby individuals can 
largely be categorised by a preference for sweet or savoury foods. This sweet or savoury taste 
preference being what influences the amount a particular food may offer temptation. This is 
of particular relevance in relation to the sweet categorisation as it would explain the findings 
whereby the low fat high sugar foods, such as strawberries, show clear distraction 
characteristics. 
 Throughout the thesis there has been a recognition that food is seen to have more 
salience for people than many generic items. As a result the focus has been made to control 
for other factors, such as luminance and spatial quality and accept that group category 
differences were going to be evident and focus on individual differences in participant 
responses within categories. As opposed to just making another general inference between 
food and non-food. However, there is a question over whether it is possible to have food and 
non-food stimuli that share the same emotional salience and valence ratings, and if you can, 
what effect would that have on the findings seen in the flanker studies? It is possible that 
there would be no difference between food and non-food behavioural results if valence and 
salience were the same, but alternatively there is an argument that effects would still be 
different for food because it is somehow, special. There are indications that participant 
responses to images, such as natural scenes or babies, suggest they have similar levels of 
emotional salience to food. That being the case it may be possible to tease out the differences 
between emotional and external eating behaviour trait and identify whether any increase in 
cognitive control is limited to food, or for example in the case of emotional eating trait, 
evident for all highly salient images.  
 The combination of results do indicate that there is a relationship between individual 
differences in eating behaviour trait and cognitive processing. Although clearly the thesis is 
limited in its focus to two particular cognitive processes, of causal reasoning and inhibition of 
distraction, there is no reason not to suspect that the relationship is not relevant for other 
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areas of cognition. Of particular interest is the evidence of a relationship between eating 
behaviour and cognition that comes earlier in the time course to any substantial weight 
change – thereby eliminating an explanation of effects being a direct result of physiological 
change associated with obesity. My proposition is that the different eating behaviours appear 
to influence cognition in different ways, with restraint more closely associated with the 
controlled, analytical processes seen in reasoning and external and emotional eating 
behaviour more relevant in understanding the subconscious, stimuli processing responses. 
But it is also apparent that the intermittent application of the terms automatic, or controlled 
processes, can lead to a simplistic interpretation unless the context of the behaviour is 
understood.  
9.2 Controlled or Automatic Processing? 
 There has been an indisputable rise in the popularity of dual-process theories over 
time (Fugelsang & Thompson, 2003; W Hofmann et al., 2009; Metcalfe & Mischel, 1999; 
Schneider & Chein, 2003). Regardless of the domain of research, models of automatic and 
controlled processing have been proposed to explain behaviour from as wide ranging topics 
as creativity to threat response (Hakamata et al., 2010; Sowden, Pringle, & Gabora, 2014). 
Dual-process models agree on the proposal of two processing systems, Type I that is fast, 
automatic and requiring low cognitive effort and Type II that is slower, controlled and 
effortful making use of cognitive resources (Evans, 2009). However, the lack of 
multidisciplinary engagement in theory development has led to some clear discrepancies in 
application of terminology across research fields. From the neuroscience model that defines 
Type II processing as being evident at 400ms, to the causal reasoning literature suggesting 
automatic processing is driving responses for a 5 second period (Evans, Handley, & Bacon, 
2009; Ridderinkhof, van der Molen, & Bashore, 1995). Within health psychology the Type 
II/Type I divide often not time specific, but defined on a basis of conscious or unconscious 
awareness (Sheeran, Gollwitzer, & Bargh, 2013b).  
 Dual-process models of explanation are applicable across the two cognitive processes 
that are the focus of this thesis as well as the study results themselves. In relation to causal 
conditional reasoning, dual-process models allow for the interaction between automatic belief 
bias and controlled rule-based processes in determining judgments (Evans 2009. There is 
evidence that the dominance of one process over the other can be seen in temporal 
differences in reasoning response based on how easily accessed information on the causal 
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relationship is to participants (Verschueren et al, 2005). The longer the response, the more an 
individual is accessing working memory and stored knowledge rather than responding based 
on belief or prior association. Similarly in relation to the dual-process model of stimulus 
processing, the research indicates automatic and controlled cognitive processes operating in 
parallel in order to determine appropriate behavioural responses (Ridderinkhof et al, 2005; 
Sanders & Lamers, 2002). The controlled processing route mapping the correct behaviour 
response to target stimulus whilst the fast automatic route acts as  priming mechanism, 
responding to both target and flanking stimulus simultaneously. In both cases, the models 
recognising the potential conflict between pathways and the subsequent adjustments in 
processing response that is required. 
 What this thesis has demonstrated is that on the one hand there is no need for a 
consensus of definition on the basis of time, but instead there should be a recognition of these 
terms operating on a continuum. As a health psychologist it would be difficult to attempt to 
justify that the behavioural response in the flanker task was a conscious process by the 
participant in the same way asking them to articulate their intention to go to the gym would 
be. However, what we do need to do as health psychologists is be aware that when we talk 
about automatic processes driving behaviour, this could encompass aspects that can be 
articulated (such as beliefs) but whose influence occurs on a subconscious level in relation to 
the behavioural choices. In addition, to limit understanding of Type II processes to, for 
example, conscious behaviour change goals, is to not recognise possible differences in 
cognitive capacity that may be interacting with behaviour over a much shorter time period. 
 What is of particular interest within the context of this thesis is that arguably the 
eating behaviour traits associated with obesity could be considered as part of a dual-process 
model, with restraint indicative of type II processing and emotional and external eating 
reflecting type I.  To a degree this is the principle behind theories such as the goal conflict 
model of eating (Stroebe et al., 2013). But, it would be unwise to suggest that it is a simple 
case of switching to a dual-process model, more that there is a need to recognise the distinct 
differences in eating behaviour traits in order to understand more fully how they are likely to 
interact with cognitions and behavioural choices. If this idea can be accepted, the pattern of 
relationship seen between the particular cognitive processes and specific eating behaviours 
becomes fairly intuitive. The two cognitive processes adopted for the thesis were chosen in 
order to tap into contrasting aspects of cognition. Recognising that both cognitive processes 
did propose dual-process explanations for outcomes, causal reasoning processes are more 
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strongly associated with the capacity to engage with controlled cognitive resources, with the 
flanker task designed to measure the automatic response to conflict from incoming visual 
stimulus (as opposed to a study of controlled directive adjustment of attention to, or from, 
food). The study findings therefore do indicate that the dual-process explanation, of 
automatic and controlled influences on behaviour are both appropriate and relevant. The net 
outcome being that knowledge of one is not useful without knowledge of the other. 
9.3 Limitations  
 There is recognition that the design and implementation of the thesis means that there 
are a number of limitations in the transferability and application of results. By adopting a 
predominantly opportunistic sampling strategy, the majority of participants within the thesis 
are taken from the university undergraduate and postgraduate populations – although use of 
social media advertising did open up recruitment beyond the university location. Although 
the population the thesis aimed to sample would contain said students, i.e. the population 
desired was relatively young, where no significant weight gain is evident,  it is also the case 
that biases with regard to factors such as social economic status and education level mean 
that the sample may not be reflective of a wider non-student population. In addition, when 
determining participation criteria, there was a conflict evident between setting inclusion 
criteria wide enough as to allow variability in the population with regards to age or BMI, to 
occasions where participants took part in the studies but were later excluded as extreme 
outliers. However, this was only an issue in the first study, as reported in Chapter 3 where 
four participants were excluded. For the remainder of the thesis, participants were only 
excluded on the basis of either insufficient completion of the experimental task, or 
insufficient accuracy in participation. These two criteria necessary to be applied in order to 
ensure that the two cognitive processes in question were the actual focus of the analysis. In 
total of the 472 participants across studies, 448 were included in the final analysis with only 4 
exclusions that could have been prevented if a more restrictive recruitment criteria had been 
applied. 
 In relation to the number of participants themselves, there is a question over whether 
all aspects of the thesis were sufficiently powered in order to find the effects hypothesised. A 
priori analysis was used as a guide for participant recruitment. As the research being 
undertaken was novel the expectation was to focus on identifying large effect sizes as it was 
felt that when considering behavioural effects, only large effects would have true relevance 
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when attempting to draw inferences in terms of implications for future intervention and 
behaviour. All of the studies recruited participant numbers in excess of the power calculations 
and therefore we have some confidence that in relation to the experiments undertaken they 
were sufficiently powered to identify large effects. However, where non-significant results 
were evident, this could be an indication that the studies were underpowered to identify all 
medium or small effects (which is largely as expected), or indeed that there is no significant 
relationship/interaction between factors. Post hoc power analyses is available as a means to 
consider whether non-significant results are a result of a lack of statistical power, but it has 
also been proposed that there is a serious logical flaw in the use of retrospective power 
analysis for interpreting non-significant results (Nakagawa & Foster, 2004). Undertaking post 
hoc power analysis provides very limited real value in terms of added information if all it 
does is confirm that a non-significant result could be due to being underpowered, For 
example, a post hoc analysis run in relation to the repeated measures ANOVA (Chapter 5) for 
Modus Ponens reasoning items, confirmed that for the interaction between topic and belief 
(which could arguably have been anticipated – although was s stated hypothesis) to reach 
statistical significance at the .05 level, would need an estimated 1244 participants (based on 
effect size ƞp2 of .031 and power = 0.08) (Faul, Erdfelder, Lang, & Buchner, 2007). In real 
terms however, it is more appropriate to accept the non-significant result in the context of the 
wider results. Where perhaps it should be accepted that there are possible implications of 
sample size in the thesis is in relation to the interpretations made when correlating the 
experimental variables with questionnaire measures. Here it is accepted that the a priori 
power calculations indicated that a minimum of 64 participants was required for correlation 
analysis, and the flanker studies in Chapters 6-8 did not meet this requirement. Therefore, 
non-significant findings between eating behaviour traits and experimental variables could be 
a result of the studies being underpowered in this regard. Considering the focus of the thesis 
this is a considerable error and the implications of the power analysis for the correlation 
aspect of those chapters was an aspect that should have been more clearly addressed by 
additional participant recruitment.  
There was a conscious decision to focus the research in a non-obese population in 
order to investigate evidence for a relationship between eating behaviour and cognition prior 
to the introduction of a possible confounding influence of significant weight gain. But, this 
then creates an obvious limitation in that although these findings are relevant to obesity 
prevention, what is not clear is whether the findings would be replicated in obese participants 
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themselves. This is important to understand for a couple of reasons. What is currently 
uncertain is whether the pattern of relationship seen in the thesis would be maintained as 
weight is gained. It is possible that, for example, of those participants who are high in 
emotional or external eating, the individuals who more often lack the ability to maintain their 
level of cognitive control are the one’s more likely to gain weight. This being the case, is 
there alongside the weight gain, a gradual decline in cognitive control ability too? The lapses 
in ability to inhibit food distracting becoming the norm rather than the attempts at application 
of cognitive control. By undertaking research within obese populations there can be an 
investigation of whether there is still evidence for differences in ability to inhibit distraction, 
and whether this can be strengthened or supported using particular brain training techniques. 
Indeed even where a reduction in ability to display increased levels of cognitive control is 
found, could brain training techniques be used to help individuals improve, or return to prior 
levels of cognitive control? This is not to detract from the original choices in population 
selection made within the thesis. There are clear reasons why to start the research in a non-
obese population is the most appropriate strategy, and that arguably prevention is the most 
cost-effective and timely first step in fighting obesity over and above treatment. 
9.4 Future Directions 
 If we consider the above synthesis of the thesis findings, clearly there are still a number 
of areas where I am reliant on speculation and hypothesising. There is a need to undertake more 
research to test some of the key suppositions that have been raised by this thesis. One such 
direction of research is to directly investigate whether the finding of an increased ability to 
apply cognitive control to inhibit food distraction is affected by changes in participant state. 
An obvious comparison is to investigate the relationship between eating behaviour trait and 
inhibition of food distraction when under conditions of hunger or stress. This can be achieved 
through the manipulation of participant state but also by expanding measurements to include 
biological markers such as blood glucose or cortisol level. Further, of interest in the field of 
weight-loss and weight maintenance is the current dominance of the fasting principle of eating 
(Mosley & Spencer, 2013). The principle being that by only requiring the intensive restriction 
of food consumption to a couple of days a week, an individual is less likely to develop cravings 
for particular foods that are “forbidden” in more typical low calorie restriction diets (LCD). 
Based on our findings we would anticipate seeing a reduction in ability to apply cognitive 
control following a typical LCD, in comparison to a Fast diet. A randomised intervention study 
using pre and post intervention experimental and biological measures would not only provide 
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further evidence of the relationship between eating behaviour and inhibition, but the possible 
differential effects of short term weight loss behaviour. Assuming further evidence is found for 
individual differences in ability to inhibit cognitive conflict from food in the environment, the 
proposed outcome of this research would be the development of cognitive training 
interventions that could be combined with tailored eating behaviour plans and more general 
population based intervention strategies. Further, by maximising the use of eHealth technology, 
it is realistic to assume that low cost, effective behaviour (and cognitive) change tools can be 
developed for use in this area. 
In the areas of reasoning and decision making, there is still some work to do. There are 
indications, both from this thesis and wider literature, that the crucial element in restraint eating 
is not an inherent restraint trait behaviour, but a more conscious choice to apply additional 
eating restraint through active dieting. In the case of the former, a person whose default 
personality and behaviour choice is towards restraint, this is indicative of habituation and the 
individual is therefore going to operate in this way consistently, without a need to apply 
cognitive resources. In contrast, where someone is actively trying to restrict their food 
consumption levels, this implies that they are to some degree making an effort to change the 
behaviour and not respond in their natural way. It is possible that this division of cognitive 
resources is what is driving the difference in ability to make effective reasoning judgments. In 
essence the attempt to control their eating behaviour comes into conflict with their ability to 
make logical and controlled reasoning decisions based on their prior knowledge of what 
behaviour choices cause weight gain. The first obvious need therefore is to do a more direct 
comparison between individuals who are actively dieting and those who are not. This will 
provide more of an indication of which particular aspect of restraint behaviour is related to the 
reduction in cognitive performance.  Once this can be established, it would be interesting to 
note whether the potential deficit in cognitive resources could be further challenged when under 
conditions of hunger or stress. This would then more closely reflect the disinhibition literature 
of dieting, whereby individuals who are dieting relapse when cognitive resources are limited 
or challenged by displaying the tendency to binge and significantly over-eat: The “blow it all” 
approach, as opposed to a more logical choice of accepting the initial lapse and returning to an 
attempt to restrain going forward. In general terms it would clearly be beneficial to continue to 
attempt to move the reasoning research in to more day to day experience and decisions. But 
the challenge here is the need to maintain experimental control and not just resort back to a 
reliance on correlation and self-report. 
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Finally, the lack of apparent relationship between eating behaviour traits and food 
consumption seen is interesting. For example, there was reason to expect that we would see a 
positive relationship between eating behaviour and food consumption based on the theory 
that willpower and motivation to refrain from eating is depleted by the application of 
cognitive load, and exposure to food stimuli (Baumeister, Vohs & Tice, 2007; Gaillot et al., 
2007). In hindsight, it is likely that the very act of completing the questionnaire measures at 
the time when the free access to food was being provided could have influenced the 
participants’ tendency to eat. It is beneficial for a study to be able to include a measure of 
actual food consumption when trying to make inferences between self-report, experimental 
behaviour and a real world context. In future there needs to be more consideration of how this 
can be undertaken. One means to achieve this would be creating more distance (both 
physically and psychologically) between the experiment, questionnaires and the food 
consumption. For example, by testing participants simultaneously and then giving 
participants a lunch/meal in a non-laboratory location, thereby simulating a more natural and 
social eating environment. Alternatively, consideration could be given to using food diary 
information during a pre, and post, testing period. But, here the known influence of 
completing a food diary would then need to be taken into account.  Perhaps the attempt to 
measure food consumption via lab based research methods is flawed, but without such 
measures, the accusation that findings do not translate into actual behaviour is ever present. 
Clearly within health psychology there is a need for wider recognition of the necessity 
of developing, or extending, models of behaviour to encompass both conscious and 
unconscious processes. At present the still dominant focus within UK based health psychology 
on intentions, perceptions and the defining of behaviour change techniques, is stifling 
progression in intervention design and limiting the real advancement possible for behaviour 
change research and practice. Since 2012, 518 health articles have been published using the 
Theory of Planned Behaviour in comparison to alternative models of behaviour such as Health 
Action Process Approach (156), Transtheoretical Model (209) or Dual Process models (66) 
(Source: Ebsco Psychology Cross Search accessed 23/07/2015). There has been a call for 
psychologists to develop a Single Theory of Preventative Behaviour (STOP-B) as a means of 
having a comprehensive guide to the processes involved in individual behaviour change 
(Abraham, Kelly, West, & Michie, 2009). Subsequently the Behaviour Change technique 
Taxonomy (BCT) and more recent Theoretical Domains Framework (TDF) that have emerged 
as a result, propose 14 domains containing 84 component constructs (Cane, O’Connor, & 
180 
 
Michie, 2012). Difficulties emerge however over differences in conceptualisation of behaviour 
change constructs (Cane, Richardson, Johnston, Ladha, & Michie, 2015). It is the case that the 
constructs, by their very nature, are required to be observable and measurable. Therefore in the 
context of this thesis the constructs included would be defined as controlled and/or conscious 
elements. This means that for large sections of the health psychology community, unless 
something can be observed and defined, it is not viewed as an appropriate option for 
intervention. This position thereby discounting techniques such as mindfulness, despite strong 
evidence of efficacy in areas of health (de Souza et al., 2015; Gu, Strauss, Bond, & Cavanagh, 
2015; Querstret & Cropley, 2013), but also ensuring that automatic processes, such as the 
cognitive processes within this thesis are not considered as relevant. However, there are already 
clear signs of a movement towards challenging the status quo and by engaging in 
multidisciplinary approaches to research and remaining open minded to methods and 
theoretical explanations, then the possible stagnation of health psychology, will be avoided. 
9.5 Conclusion 
 A two-pronged approach to obesity is still needed. There is a need to ensure research 
is clearly directed towards prevention. There are interesting opportunities whereby the results 
of this thesis could be applied to help improve intervention opportunities and help develop 
the more tailored approach to weight-loss and weight maintenance that increasingly is being 
recognised. But we must not ignore treatment of obesity either and the current status quo of 
offering either diet plans or surgical solutions needs to be challenged for the sake of the obese 
majority who, to a large extent, are being ignored by health professionals.  
From the thesis findings indications are that increased levels of restraint eating 
behaviour, is associated with a reduction in controlled cognitive processing via executive 
functions such as working memory, as evidenced by causal reasoning behaviour. This is 
important as it is going to directly influence how effective people are in drawing on 
knowledge and in making informed behaviour choices that help them maintain positive 
health. Unless there is a means to tackle this confound, providing individuals with 
educational information about food and the eating and exercise choices that lead to obesity, is 
going to conflict with the efforts at weight loss that people then engage with. It is not 
therefore a case of a lack of knowledge, but a lack of maintenance in application. In contrast, 
emotional and external eating behaviour is more strongly associated with automatic cognitive 
processes and indicates the possibility of a more direct relationship between the application 
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of cognitive control and unconscious response to food than previous research has 
demonstrated. But crucially, the research indicates the possibility that individuals are 
subconsciously able to minimise the conflict between their automatic response to food and 
their behaviour for at least a certain amount of time. This therefore means that rather than just 
assuming people have a heightened motivation towards food and targeting interventions in 
this direction, it may prove more effective to target interventions so that they strengthen 
individuals existing cognitive control resources, thereby reducing episodes of over-
consumption. The aim of this thesis was to examine whether eating behaviour traits influence 
cognitive performance, and although the exact nature of the relationship clearly needs further 
clarification, the evidence strongly suggests that they do. 
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Appendix B – Descriptive statistics CCR 1 – Chapter 3 
 
Descriptive Statistics CCR study 1        
         
 Mean 
Std. 
Deviation Skewness Std. Error z score Kurtosis Std. Error z score 
General Reasoning 67.7261 8.62659 1.714 0.194 8.83505155 5.494 0.385 14.2701299 
Obese Reasoning 70.3161 10.414 1.845 0.195 9.46153846 5.254 0.387 13.5762274 
Positive Affect 3.293 0.70832 -0.39 0.186 -2.0967742 0.312 0.369 0.84552846 
Negative Affect 2.2064 0.69334 0.599 0.186 3.22043011 -0.073 0.369 -0.197832 
Emotional Eating 2.668 0.87832 0.454 0.187 2.42780749 -0.413 0.373 -1.1072386 
External Eating 3.3583 0.63909 0.119 0.187 0.63636364 0.002 0.373 0.00536193 
Restraint Eating 2.8363 1.05379 0.039 0.187 0.20855615 -0.794 0.373 -2.1286863 
BIS 3.2899 0.47149 -0.651 0.186 -3.5 0.087 0.37 0.23513514 
BAS Drive 2.7176 0.56302 0.097 0.186 0.52150538 -0.55 0.37 -1.4864865 
BAS Fun-seeking 2.8015 0.54181 -0.36 0.186 -1.9354839 0.261 0.37 0.70540541 
BAS Reward Response 3.3659 0.39345 -0.434 0.186 -2.3333333 -0.072 0.37 -0.1945946 
Diet belief scale 4.2351 0.58022 0.109 0.187 0.5828877 -0.057 0.373 -0.152815 
Barratts’ Impulsivity 2.0478 0.30071 0.571 0.186 3.06989247 0.383 0.37 1.03513514 
Gen CCR Accuracy 82.4968 14.04965 -0.968 0.194 -4.9896907 1.301 0.385 3.37922078 
Obese CCR Accuracy 67.8581 15.96198 -0.557 0.195 -2.8564103 0.83 0.387 2.14470284 
age - Age years 23.91 9.181 2.188 0.183 11.9562842 4.09 0.364 11.2362637 
BMI 23.1209 4.56415 1.357 0.183 7.41530055 1.906 0.364 5.23626374 
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Appendix C – Copy of short Food Knowledge Questionnaire (FKQ) 
Food Knowledge  
The next few questions will ask you about nutrition knowledge. So we are interested in what 
you know rather that what you personally like. 
1. Do you think health experts recommend that people should be eating more, the same or 
less of these foods? 
Item    More  Same  Less  Not Sure 
Vegetables 
Sugary Food 
Meat 
Starchy foods 
Fatty Foods 
High Fibre Foods 
Fruit 
Salty Foods 
 
2. How many portions of fruit and vegetables do experts recommend we eat per day?  
 
3. Which fat do experts say people should cut down on? 
Monounsaturated Fat   
Polyunsaturated Fat 
Saturated Fat 
Not sure 
 
4. What type of dairy foods do experts recommend people eat? 
Full fat 
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Lower fat 
Mixture of Full & Lower Fat 
Neither, dairy foods should be cut out 
Not sure 
 
5. Do you think these foods are high or low in added sugar? 
   High  Low  Not sure 
Bananas 
Plain yogurt 
Ice-Cream 
Orange squash 
Tomato Ketchup 
Tinned fruit in juice 
 
6. Do you think these foods are high or low in salt? 
   High  Low  Not sure 
Sausages 
Pasta 
Kippers 
Red meat 
Frozen Vegetables 
Cheese 
 
7. Do you think these foods are high or low in protein? 
   High   Low  Not Sure 
 214 
 
Chicken 
Cheese 
Fruit 
Baked beans 
Butter 
Cream 
 
Finally, read the following statements and circle whether you agree, or disagree that they are 
true 
8. Some foods contain a lot of fat but no cholesterol  
  Agree  Disagree   Not sure 
9. There is more calcium in a glass of whole milk than a glass of skimmed milk 
Agree  Disagree   Not sure 
10. Brown sugar is a healthier alternative to white sugar 
  Agree  Disagree   Not sure 
11. A glass of unsweetened fruit juice counts as a portion of fruit 
  Agree  Disagree   Not sure 
12. There is more protein in a glass of whole milk than a glass of skimmed milk 
  Agree  Disagree   Not sure 
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Appendix D – Causal Conditional rules used in chapters 4 & 5 
General CCR Items Obesity Related CCR Items 
IF you sleep THEN you will feel refreshed IF you exercise THEN you will be thinner 
IF you practise THEN you will remember IF you are active THEN you will be healthy 
IF you drink caffeine THEN you will be alert IF you eat doughnuts THEN you will get 
fatter 
IF you win the lottery THEN you will be 
happy 
IF you eat fruit THEN you will be healthy 
IF you drink chamomile THEN you will feel 
drowsy 
IF you diet THEN you will get thinner 
IF you revise THEN you will remember IF you eat McDonalds THEN you will get 
fatter 
IF you have nightmares THEN you will feel 
drained 
IF you eat vegetables then you will be 
healthy 
IF you have pets THEN you will be happy IF you eat cake THEN you will get fatter 
IF you are a nurse THEN you will be poor IF you drink lager THEN you will get fatter 
IF you are a politician THEN you will be rich IF you go running THEN you will be healthy 
IF you sleep THEN you will feel drained IF you exercise THEN you will be fatter 
IF you practise THEN you will forget IF you are active THEN you will be 
unhealthy 
IF you drink caffeine THEN you will be 
drowsy 
IF you eat doughnuts THEN you will get 
thinner 
IF you win the lottery THEN you will be sad IF you eat fruit THEN you will be unhealthy 
IF you drink chamomile THEN you will feel 
alert 
IF you diet THEN you will get fatter 
IF you revise THEN you will forget IF you eat McDonalds THEN you will get 
thinner 
IF you have nightmares THEN you will feel 
refreshed 
IF you eat vegetables THEN you will be 
unhealthy 
IF you have pets THEN you will be sad IF you eat cake THEN you will get thinner 
IF you are a nurse THEN you will be rich IF you drink lager THEN you will get thinner 
IF you are a politician THEN you will be 
poor 
IF you go running THEN you will be 
unhealthy 
If you run fast THEN you will win the race IF you go swimming THEN you will be 
healthy 
If you run fast THEN you will lose the race IF you go swimming THEN you will be 
unhealthy 
 
Hi Belief Items Low Belief Items Practice Items 
Item validation  General - Mean (SD)   Obesity Related – Mean (SD) 
Hi Belief   63.2 (11)    63.0 (7) 
Low Belief   20.5 (5)    18.1 (3)
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Appendix E – Descriptive statistics CCR 2 – Chapter 4 
 
Descriptive Statistics CCR 
Study 2         
         
 Mean 
Std. 
Deviation Skewness Std. Error z score Kurtosis Std. Error z score 
BMI 21.178 7.51115 -0.481 0.23 -2.0913043 2.451 0.457 5.36323851 
age -  21.06 4.71 2.75 0.23 11.9565217 8.113 0.457 17.7527352 
UPPS pre-med 2.0924 0.43979 0.741 0.23 3.22173913 2.601 0.457 5.69146608 
UPPS Sense Seek 2.7063 0.59836 0.034 0.23 0.14782609 0.077 0.457 0.16849015 
UPPS  Persevere 2.08 0.46783 -0.004 0.23 -0.0173913 -0.551 0.457 -1.2056893 
UPPS Urgency 2.4855 0.49607 0.303 0.23 1.3173913 1.094 0.457 2.39387309 
PFS Aggregate 2.8139 0.8666 0.41 0.23 1.7826087 -0.547 0.457 -1.1969365 
PFS Food Available 2.6347 1.02301 0.383 0.23 1.66521739 -0.763 0.457 -1.6695842 
PFS Food present 3.0614 1.0306 0.112 0.23 0.48695652 -0.794 0.457 -1.7374179 
PFS Food tasted 2.8309 0.87669 0.272 0.23 1.1826087 -0.591 0.457 -1.2932166 
External Eating 3.1964 0.68669 0.158 0.23 0.68695652 0.228 0.457 0.49890591 
Emotional Eating 2.7292 0.99221 0.17 0.23 0.73913043 -0.704 0.457 -1.5404814 
Restraint Eating 2.6145 0.97443 0.232 0.23 1.00869565 -0.409 0.457 -0.8949672 
PA State 26.4 8.42473 -0.012 0.23 -0.0521739 -1.071 0.457 -2.3435449 
NA State 16.9273 5.68227 1.393 0.23 6.05652174 2.804 0.457 6.1356674 
PA Trait 30.9364 7.57504 -0.273 0.23 -1.1869565 -0.084 0.457 -0.1838074 
NA Trait 22.0636 7.28487 0.607 0.23 2.63913043 -0.143 0.457 -0.3129103 
sleepiness 5.71 1.922 -0.089 0.23 -0.3869565 -1.093 0.457 -2.3916849 
hunger 2 1.023 0.681 0.23 2.96086957 -0.479 0.457 -1.04814 
Self-efficacy 3.02 1.1 0.09 0.23 0.39130435 -0.553 0.457 -1.2100656 
Food Know 23.7273 3.48499 -0.123 0.23 -0.5347826 0.382 0.457 0.83588621 
Bio Med Causes 9.3818 2.08965 0.001 0.23 0.00434783 -0.406 0.457 -0.8884026 
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Psych Causes 9.9636 2.4567 -0.332 0.23 -1.4434783 -0.546 0.457 -1.1947484 
Behav Causes 12.9273 2.00325 -0.728 0.23 -3.1652174 -0.1 0.457 -0.2188184 
Enviro Causes 9.4909 2.7553 -0.18 0.23 -0.7826087 -0.533 0.457 -1.166302 
Med Conseq. 20.6545 3.19815 -0.735 0.23 -3.1956522 0.346 0.457 0.7571116 
Social Conseq. 17.5909 3.40344 0.145 0.23 0.63043478 -0.301 0.457 -0.6586433 
Social Treatment 10.4818 2.17885 0.022 0.23 0.09565217 -0.696 0.457 -1.5229759 
behav Treatment 13.4 1.62096 -0.765 0.23 -3.326087 -0.124 0.457 -0.2713348 
med Treatment 7.7818 1.77847 -0.102 0.23 -0.4434783 -0.218 0.457 -0.4770241 
GR_MP 5.3012 0.99364 -0.1 0.23 -0.4347826 -0.648 0.457 -1.4179431 
GR_MT 4.6013 0.99083 -0.218 0.23 -0.9478261 0.672 0.457 1.47045952 
GR_DA 4.7585 1.03289 -0.168 0.23 -0.7304348 0.579 0.457 1.26695842 
GR_AC 4.8567 0.99638 -0.27 0.23 -1.173913 0.038 0.457 0.08315098 
OR_MP 5.1046 1.03581 0.2 0.23 0.86956522 -0.978 0.457 -2.1400438 
OR_MT 4.2696 0.97014 -0.105 0.23 -0.4565217 0.396 0.457 0.86652079 
OR_DA 4.5476 1.02517 -0.025 0.23 -0.1086957 0.888 0.457 1.94310722 
OR_AC 4.5693 1.02504 0.029 0.23 0.12608696 -0.255 0.457 -0.5579869 
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Appendix F – Procedural protocol (Chapters 5 & 8) 
 
Distraction and reasoning experimental procedural protocol checklist 
Pre participant arrival: 
Ensure the correct participant number is entered on all paperwork 
Check which version of experiments is required for that participant (see red folder) 
Weigh/measure the food and drink that will be offered to the participants. 
 
Welcome participant 
Provide information sheet 
Check participant against screening information – Obtain info if not held. 
Obtain informed consent for both experiments 
 
Offer the participants’ water. 
Show the participants each of the pictures of the stimulus that will be used. Ask them to 
name each picture in turn to check they recognise the item.  
Administer PANAS (paper based) 
Administer VAS 1: Hunger, Fatigue, Sleepiness & Self Efficacy  
 
Experiment 1 – Reasoning Task 
Run through any instructions. Use the top numbers, NOT the number keypad and let them 
know on the 1-9 scale 1= extremely unlikely. 
Make sure the participant understands the task before they start the main experiment trials 
(25-30mins) 
Whilst participant is undertaking task score the PANAS measure & complete participant 
record sheet as required. 
 
5 minute break - During this period you must chat to the participant, DO NOT discuss 
anything related to food or eating behaviour. It is important that you engage with the 
participant and ensure they are distracted from the task and are able to relax. 
Administer 2nd VAS for Hunger & Sleepiness post chat. 
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Experiment 2 – Distraction Task 
Run through specific instructions 
Run the experiment (20-25mins) 
Administer 3rd VAS for Hunger & Sleepiness.  
 
Congratulate the participant for completing the experiment. Try and make them feel 
relaxed.  Move the measured snacks to the participant and let them know they are now free 
to help themselves. 
Load up the online questionnaire and ensure the correct participant number is entered. 
Provide the paper based “Food Preference Checklist” 
Leave the participant alone to complete the questionnaires whilst they have free access to 
the food. 
After 10-15mins return to the room (please remain close to the room during this period and 
let them know where you are if they need you). 
Provide de brief and an opportunity for questions. 
Allocate 2 lab tokens per participant if appropriate.  
 
 
Attach checklist to all paper based measures and put all elements together in a sleeve in the 
red folder. Ensure participant record sheet is fully completed including any relevant notes. 
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Appendix G – Descriptive statistics CCR 3 – Chapter 5 
 
Descriptive Statistics CCR study 3        
         
 Mean 
Std. 
Deviation Skewness Std. Error z score Kurtosis Std. Error z score 
Age 21.16 2.688 4.169 0.34 12.2617647 25.756 0.668 38.5568862 
BMI 22.7204 3.15172 0.637 0.34 1.87352941 0.061 0.668 0.09131737 
Fatigue 11.7755 5.95212 1.37 0.34 4.02941176 0.565 0.668 0.84580838 
Self-Efficacy 3.7959 0.95698 -0.314 0.34 -0.9235294 -0.816 0.668 -1.2215569 
Hunger 2.1701 0.94065 0.386 0.34 1.13529412 -0.704 0.668 -1.0538922 
Sleepiness 5.9048 1.53206 -0.233 0.34 -0.6852941 -0.626 0.668 -0.9371257 
Positive Affect State 29.0408 6.22147 0.021 0.34 0.06176471 -0.276 0.668 -0.4131737 
Negative Affect State 13.3673 4.04503 1.59 0.34 4.67647059 2.463 0.668 3.68712575 
Trait PA 30.9796 7.43721 0.018 0.34 0.05294118 -0.69 0.668 -1.0329341 
Trait NA 17.3061 6.00071 0.809 0.34 2.37941176 0.028 0.668 0.04191617 
PFS aggregate 2.9473 0.903 0.183 0.34 0.53823529 -0.394 0.668 -0.5898204 
PFS Food Available 2.7688 1.11079 0.244 0.34 0.71764706 -0.662 0.668 -0.991018 
PFS Food Present 3.2245 1.22501 -0.113 0.34 -0.3323529 -1.16 0.668 -1.7365269 
PFS Food Tasted 2.8939 0.86323 0.358 0.34 1.05294118 -0.313 0.668 -0.4685629 
UPPS Lack Premed. 2.1649 0.44253 -0.116 0.34 -0.3411765 0.394 0.668 0.58982036 
UPPS Urgency 2.3827 0.55276 -0.134 0.34 -0.3941176 -0.121 0.668 -0.1811377 
UPPS Lack Perseverance 2.0612 0.40353 0 0.34 0 0.662 0.668 0.99101796 
UPPS Sensation Seek 3.0259 0.64053 -0.767 0.34 -2.2558824 1.207 0.668 1.80688623 
External eating 3.2653 0.79071 -0.138 0.34 -0.4058824 0.084 0.668 0.1257485 
Emotional eating 2.5443 0.88863 0.237 0.34 0.69705882 -0.056 0.668 -0.0838323 
Restraint eating 2.1939 0.93729 0.596 0.34 1.75294118 0.015 0.668 0.02245509 
Food Knowledge 23.0625 3.44196 -1.195 0.343 -3.483965 2.909 0.674 4.31602374 
Food Preference Overall 12.2449 7.16336 0.04 0.34 0.11764706 -0.671 0.668 -1.004491 
 221 
 
Picture valence food 7.0816 1.24728 0.082 0.34 0.24117647 -1.121 0.668 -1.6781437 
Picture valence neutral 5.0796 0.79241 -0.671 0.34 -1.9735294 0.68 0.668 1.01796407 
Hedonic Liking 5.5442 1.05792 0.027 0.343 0.0787172 0.192 0.674 0.28486647 
% Food Eaten 19.8663 20.33838 1.057 0.34 3.10882353 -0.075 0.668 -0.1122754 
Causes BioMed 9.2857 2.13112 -0.781 0.34 -2.2970588 0.48 0.668 0.71856287 
Causes Psych 9.9388 2.2859 -0.598 0.34 -1.7588235 0.764 0.668 1.14371257 
Causes Behav 13.2449 1.52111 -0.582 0.34 -1.7117647 -0.135 0.668 -0.2020958 
Causes Enviro 9.1837 2.73613 -0.462 0.34 -1.3588235 0.077 0.668 0.11526946 
Med Conseq. 20.9388 3.1781 -1.103 0.34 -3.2441176 2.008 0.668 3.00598802 
Social Conseq. 17.6735 3.94434 -0.47 0.34 -1.3823529 -0.157 0.668 -0.2350299 
Social Treatment 10.4082 2.24461 -0.767 0.34 -2.2558824 0.697 0.668 1.04341317 
Behave Treatment 13.8163 1.25289 -0.83 0.34 -2.4411765 -0.376 0.668 -0.5628743 
Med Treatment 8 2.38921 -0.172 0.34 -0.5058824 -0.582 0.668 -0.8712575 
RT Free 2613.5853 440.95165 -0.355 0.34 -1.0441176 0.764 0.668 1.14371257 
RT Speed 1633.8847 286.43759 0.076 0.34 0.22352941 0.725 0.668 1.08532934 
RT Free_Gen 2629.5339 490.94841 -0.171 0.34 -0.5029412 0.831 0.668 1.24401198 
RT Free_Obe 2597.0204 414.92604 -0.383 0.34 -1.1264706 0.81 0.668 1.21257485 
RT Speed_Gen 1646.0054 293.20281 0.335 0.34 0.98529412 0.462 0.668 0.69161677 
RT Speed_Obe 1608.8241 292.355 -0.133 0.34 -0.3911765 1.252 0.668 1.8742515 
Resp_Free 7.5724 1.15251 -1.087 0.34 -3.1970588 0.835 0.668 1.25 
Resp_Speed 7.4265 1.26516 -0.645 0.34 -1.8970588 -0.602 0.668 -0.9011976 
Resp_Free_Gen 7.6067 1.2388 -1.096 0.34 -3.2235294 1.17 0.668 1.75149701 
Resp_Free_Obe 7.5382 1.11615 -1.003 0.34 -2.95 0.529 0.668 0.79191617 
Resp_Speed_Gen 7.4931 1.23944 -0.662 0.34 -1.9470588 -0.563 0.668 -0.8428144 
Resp_Speed_Obe 7.3782 1.36356 -0.669 0.34 -1.9676471 -0.529 0.668 -0.7919162 
FreeResp_Hi_Gen_AC 7.2857 1.52971 -0.575 0.34 -1.6911765 -0.658 0.668 -0.9850299 
FreeResp_Hi_Gen_MP 8.3673 0.84098 -1.287 0.34 -3.7852941 0.598 0.668 0.89520958 
FreeResp_Hi_Obe_AC 7.4969 1.28616 -0.492 0.34 -1.4470588 -0.87 0.668 -1.3023952 
FreeResp_Hi_Obe_MP 8.2429 0.81904 -0.843 0.34 -2.4794118 -0.587 0.668 -0.8787425 
FreeResp_Lo_Gen_AC 6.7949 1.7787 -0.576 0.34 -1.6941176 -0.282 0.668 -0.4221557 
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FreeResp_Lo_Gen_MP 7.9745 1.56558 -1.986 0.34 -5.8411765 3.604 0.668 5.39520958 
FreeResp_Lo_Obe_AC 6.7367 1.84232 -0.657 0.34 -1.9323529 -0.344 0.668 -0.5149701 
FreeResp_Lo_Obe_MP 7.6684 1.66567 -1.659 0.34 -4.8794118 2.406 0.668 3.60179641 
Sp_Resp_Hi_Gen_AC 7.302 1.40616 -0.541 0.34 -1.5911765 -0.476 0.668 -0.7125749 
Sp_Resp_Hi_Gen_MP 8.3306 0.83522 -1.223 0.34 -3.5970588 0.581 0.668 0.86976048 
Sp_Resp_Hi_Obe_AC 7.501 1.40718 -0.722 0.34 -2.1235294 -0.446 0.668 -0.6676647 
Sp_Resp_Hi_Obe_MP 7.9806 1.23713 -1.309 0.34 -3.85 1.087 0.668 1.62724551 
Sp_Resp_Lo_Gen_AC 6.6776 1.70725 -0.125 0.34 -0.3676471 -1.138 0.668 -1.7035928 
Sp_Resp_Lo_Gen_MP 7.6194 1.92107 -1.434 0.34 -4.2176471 0.822 0.668 1.23053892 
Sp_Resp_Lo_Obe_AC 6.6922 1.97329 -0.412 0.34 -1.2117647 -1.114 0.668 -1.6676647 
Sp_Resp_Lo_Obe_MP 7.2469 1.92726 -1.016 0.34 -2.9882353 -0.003 0.668 -0.004491 
FreeRT_Hi_Gen_AC 2649.1306 610.3549 0.172 0.34 0.50588235 0.287 0.668 0.42964072 
FreeRT_Hi_Gen_MP 2491.098 486.47261 0.48 0.34 1.41176471 0.14 0.668 0.20958084 
FreeRT_Hi_Obe_AC 2603.4235 526.72397 -0.022 0.34 -0.0647059 0.257 0.668 0.38473054 
FreeRT_Hi_Obe_MP 2506.9449 499.80989 0.472 0.34 1.38823529 1.781 0.668 2.66616766 
FreeRT_Lo_Gen_AC 2734.8398 692.99028 -0.326 0.34 -0.9588235 0.847 0.668 1.26796407 
FreeRT_Lo_Gen_MP 2642.4041 591.54409 0.402 0.34 1.18235294 -0.109 0.668 -0.1631737 
FreeRT_Lo_Obe_AC 2661.5827 549.81191 0.352 0.34 1.03529412 -0.041 0.668 -0.0613772 
FreeRT_Lo_Obe_MP 2620.0378 507.25416 0.165 0.34 0.48529412 -0.33 0.668 -0.494012 
Sp_RT_Hi_Gen_AC 1651.9553 375.09534 0.414 0.34 1.21764706 0.141 0.668 0.21107784 
Sp_RT_Hi_Gen_MP 1570.9878 352.10269 0.685 0.34 2.01470588 0.479 0.668 0.71706587 
Sp_RT_Hi_Obe_AC 1499.3282 301.48765 -0.072 0.34 -0.2117647 1.035 0.668 1.5494012 
Sp_RT_Hi_Obe_MP 1636.551 349.55561 -0.125 0.34 -0.3676471 -0.063 0.668 -0.0943114 
Sp_RT_Lo_Gen_AC 1713.1235 342.86439 -0.348 0.34 -1.0235294 0.082 0.668 0.12275449 
Sp_RT_Lo_Gen_MP 1647.9551 382.17423 0.782 0.34 2.3 0.533 0.668 0.79790419 
Sp_RT_Lo_Obe_AC 1628.2416 399.98185 0.249 0.34 0.73235294 1.634 0.668 2.44610778 
Sp_RT_Lo_Obe_MP 1671.1755 324.00579 0.013 0.34 0.03823529 -0.452 0.668 -0.6766467 
MP_Gen 8.073 1.14831 -1.5 0.34 -4.4117647 1.425 0.668 2.13323353 
MP_Obe 7.7847 1.25485 -1.37 0.34 -4.0294118 1.14 0.668 1.70658683 
AC_Obe 7.1067 1.38232 -0.406 0.34 -1.1941176 -0.962 0.668 -1.4401198 
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AC_Gen 7.0151 1.41382 -0.225 0.34 -0.6617647 -1.012 0.668 -1.5149701 
Hi_Belief_Free 7.8482 0.90392 -0.49 0.34 -1.4411765 -0.792 0.668 -1.1856287 
Hi_Belief_Speed 7.7786 1.04116 -0.572 0.34 -1.6823529 -0.557 0.668 -0.8338323 
Lo_Belief_Speed 7.059 1.65152 -1.015 0.34 -2.9852941 0.253 0.668 0.37874251 
Lo_Belief_Free 7.2936 1.50868 -1.5 0.34 -4.4117647 2.232 0.668 3.34131737 
MP_Gen_Speed 7.975 1.28452 -1.289 0.34 -3.7911765 0.399 0.668 0.59730539 
MP_Gen_Free 8.1709 1.16323 -1.734 0.34 -5.1 2.398 0.668 3.58982036 
MP_Obe_Free 7.9556 1.13621 -1.516 0.34 -4.4588235 1.831 0.668 2.74101796 
MP_Obe_Speed 7.6138 1.50406 -1.15 0.34 -3.3823529 0.32 0.668 0.47904192 
AC_Gen_Speed 6.9898 1.46294 -0.128 0.34 -0.3764706 -1.243 0.668 -1.8607784 
AC_Gen_Free 7.0403 1.59776 -0.557 0.34 -1.6382353 -0.377 0.668 -0.5643713 
AC_Obe_Free 7.1168 1.43821 -0.426 0.34 -1.2529412 -0.972 0.668 -1.4550898 
AC_Obe_Speed 7.0966 1.5292 -0.368 0.34 -1.0823529 -1.063 0.668 -1.5913174 
Hi_Belief_Gen_Free 7.8265 1.03778 -0.704 0.34 -2.0705882 -0.2 0.668 -0.2994012 
Hi_Belief_Gen_Speed 7.8163 1.00231 -0.671 0.34 -1.9735294 -0.065 0.668 -0.0973054 
Lo_Belief_Gen_Speed 7.1485 1.65149 -0.949 0.34 -2.7911765 0.089 0.668 0.13323353 
Lo_Belief_Gen_Free 7.3847 1.52496 -1.386 0.34 -4.0764706 2.057 0.668 3.07934132 
Hi_Belief_Obe_Free 7.8699 0.87849 -0.382 0.34 -1.1235294 -0.806 0.668 -1.2065868 
Hi_Belief_Obe_Speed 7.7408 1.15863 -0.779 0.34 -2.2911765 -0.125 0.668 -0.1871257 
Lo_Belief_Obe_Speed 6.9696 1.77807 -0.88 0.34 -2.5882353 -0.023 0.668 -0.0344311 
Lo_Belief_Obe_Free 7.2026 1.55924 -1.428 0.34 -4.2 1.931 0.668 2.89071856 
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Appendix H – Descriptive statistics Flanker 1 – Chapter 6 
 
Descriptive Statistics Flanker 1        
         
 Mean 
Std. 
Deviation Skewness Std. Error z score Kurtosis Std. Error z score 
BMI 24.248 4.9629 0.987 0.421 2.34441805 -0.061 0.821 -0.0742996 
Age 24 9.13601 2.348 0.421 5.57719715 5.66 0.821 6.89403167 
PA trait 30.6452 5.43782 -0.309 0.421 -0.7339667 0.065 0.821 0.07917174 
NA trait 19.4516 7.92397 1.023 0.421 2.42992874 0.499 0.821 0.60779537 
PA state 30.129 7.26059 -0.127 0.421 -0.3016627 -0.404 0.821 -0.4920828 
NA state 14.8065 5.04922 1.495 0.421 3.55106888 2.122 0.821 2.58465286 
Emotional eating 2.4697 0.623 -0.176 0.421 -0.4180523 -0.308 0.821 -0.3751523 
Restraint eating 2.7032 1.04674 0.153 0.421 0.36342043 -0.953 0.821 -1.1607795 
External eating 3.1645 0.57477 0.563 0.421 1.33729216 -0.022 0.821 -0.0267966 
Hedonic Liking 25.7655 4.58639 -0.153 0.421 -0.3634204 0.211 0.821 0.25700365 
PFS aggregate 2.8301 0.86578 0.315 0.421 0.74821853 -0.824 0.821 -1.0036541 
PFS Food Available 2.6828 1.07355 0.219 0.421 0.52019002 -1.016 0.821 -1.2375152 
PFS Food Present  3.0403 1.11074 -0.051 0.421 -0.1211401 -0.927 0.821 -1.1291108 
PFS T Food asted 2.8258 0.84023 0.771 0.421 1.83135392 0.414 0.821 0.50426309 
RT Combi. Congruent 397.4584 41.73982 0.965 0.421 2.29216152 1.67 0.821 2.03410475 
RT Combi. Incongruent 451.4345 37.2708 0.26 0.421 0.6175772 0.25 0.821 0.3045067 
F+S-_C 400.8445 41.20913 0.261 0.421 0.61995249 -0.213 0.821 -0.2594397 
F+S-_IC 453.2232 38.87918 0.286 0.421 0.67933492 0.028 0.821 0.03410475 
F+S+_C 401.9861 51.36861 0.588 0.421 1.39667458 0.101 0.821 0.12302071 
F+S+_IC 453.9471 45.69721 0.195 0.421 0.4631829 -0.048 0.821 -0.0584653 
F-S+_C 395.7274 49.97045 1.077 0.421 2.55819477 1.875 0.821 2.28380024 
F-S+_IC 448.9368 44.40886 0.604 0.421 1.43467933 0.949 0.821 1.15590743 
Baseline F+S+_C 401.3806 49.58969 0.965 0.421 2.29216152 1.89 0.821 2.30207065 
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Baseline F+S+_IC 454.0748 42.43827 0.25 0.421 0.59382423 -0.066 0.821 -0.0803898 
Baseline F-S+_C 389.3645 42.10092 1.183 0.421 2.80997625 2.974 0.821 3.62241169 
Baseline F-S+_IC 446.9319 41.36528 0.512 0.421 1.21615202 1.057 0.821 1.28745432 
Baseline F+S-_C 394.8119 45.01847 0.305 0.421 0.72446556 0.101 0.821 0.12302071 
Baseline F+S-_IC 450.3613 40.21294 0.034 0.421 0.0807601 -0.48 0.821 -0.5846529 
%Choice Correct 89.1371 6.39217 -0.975 0.421 -2.3159145 1.026 0.821 1.24969549 
%Choice Errors 8.4492 5.01855 1.502 0.421 3.56769596 4.745 0.821 5.77953715 
E_F+S-_C 4.369 4.26534 1.219 0.421 2.89548694 1.218 0.821 1.48355664 
E_F+S-_IC 11.4929 8.43901 1.46 0.421 3.46793349 2.306 0.821 2.80876979 
E_F+S+_C 4.4361 3.67842 1.253 0.421 2.97624703 2.654 0.821 3.23264312 
E_F+S+_IC 12.1655 9.8944 2.31 0.421 5.48693587 7.947 0.821 9.67965895 
E_F-S+_C 4.9068 3.44638 0.556 0.421 1.32066508 -0.386 0.821 -0.4701583 
E_F-S+_IC 12.87 7.41766 0.577 0.421 1.37054632 -0.057 0.821 -0.0694275 
E_ Baseline F+S+_C 5.0074 3.67346 1.541 0.421 3.66033254 3.389 0.821 4.12789281 
E_ Baseline F+S+_IC 10.9884 8.49225 1.574 0.421 3.73871734 3.58 0.821 4.36053593 
E_ Baseline F-S+_C 4.8726 4.17891 0.842 0.421 2 -0.38 0.821 -0.4628502 
E_ Baseline F-S+_IC 11.6616 6.96328 1.552 0.421 3.68646081 5.315 0.821 6.47381242 
E_ Baseline F+S-_C 5.3426 4.01401 1.449 0.421 3.44180523 4.379 0.821 5.33373934 
E_ Baseline F+S-_IC 13.1055 9.42433 1.766 0.421 4.19477435 5.06 0.821 6.16321559 
Anticipation Errors 0.5544 1.39677 3.377 0.421 8.02137767 10.871 0.821 13.2411693 
Late Responses 0.6398 0.5153 1.562 0.421 3.71021378 2.626 0.821 3.19853837 
Nil Responses 1.4745 2.80189 3.853 0.421 9.152019 16.993 0.821 20.6979294 
FE_lfsa_hfsw 52.6942 22.3145 -0.28 0.421 -0.6650831 0.511 0.821 0.62241169 
FE_lfsa_hfsa 55.5494 23.42951 -0.413 0.421 -0.9809976 -0.403 0.821 -0.4908648 
FE_lfsa_lfsw 57.5674 22.22712 0.511 0.421 1.21377672 -0.191 0.821 -0.2326431 
FE_hfsw 51.961 21.61662 0.426 0.421 1.01187648 -0.156 0.821 -0.1900122 
FE_hfsa 52.3787 16.95466 0.155 0.421 0.36817102 -0.366 0.821 -0.4457978 
FE_lfsw 53.2094 20.84867 -0.25 0.421 -0.5938242 -0.671 0.821 -0.817296 
FE palatable distractor 55.27 16.74479 -0.811 0.421 -1.9263658 0.721 0.821 0.87819732 
FE palatable target 52.5158 13.52909 -0.413 0.421 -0.9809976 -0.11 0.821 -0.1339829 
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FE overall 56.0602 16.12499 -0.356 0.421 -0.8456057 0.267 0.821 0.32521315 
 
E_FE_D_FmSp 6.789 5.41797 1.313 0.421 3.11876485 2.993 0.821 3.6455542 
E_FE_D_FpSm 7.7629 7.84935 2.118 0.421 5.03087886 6.903 0.821 8.40803898 
E_FE_D_FpSp 5.981 6.46024 1.329 0.421 3.1567696 1.393 0.821 1.69671133 
E_FE_T_FmSp 7.9974 6.32631 0.461 0.421 1.09501188 -0.147 0.821 -0.1790499 
E_FE_T_FpSm 6.1503 6.38869 1.879 0.421 4.4631829 4.229 0.821 5.15103532 
E_FE_T_FpSp 7.1581 7.49063 1.887 0.421 4.48218527 4.942 0.821 6.01948843 
E_FE_D 6.8443 5.80756 2.066 0.421 4.90736342 5.863 0.821 7.14129111 
E_FE_T 7.1019 5.72922 1.559 0.421 3.70308789 3.781 0.821 4.60535932 
E_FE 6.9731 5.63919 1.945 0.421 4.61995249 5.417 0.821 6.59805116 
Errors Congruent 4.8224 2.87806 0.606 0.421 1.43942993 0.146 0.821 0.17783191 
Errors Incongruent 12.0473 7.65218 1.801 0.421 4.27790974 5.905 0.821 7.19244823 
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Appendix I – Procedural protocol (Chapters 7) 
 
Flanker3 procedural protocol checklist 
Pre participant arrival: 
Ensure the correct participant number is entered on all paperwork 
Check which version of experiments is required for that participant (see red folder) 
Weigh/measure the food and drink that will be offered to the participants. 
 
Welcome participant 
Check participant against screening information – Obtain info if not held. 
Provide information sheet 
Obtain informed consent  
 
Offer the participants’ water. 
Show the participants each of the pictures of the stimulus that will be used. Ask them to 
name each picture in turn to check they recognise the item.  
Administer PANAS (paper based) 
Administer VAS 1: Hunger, Fatigue, Sleepiness & Self Efficacy  
 
Run the Experiment – FVN Distraction Task 
Run through specific instructions 
Run the experiment (20-25mins) 
Administer 2nd VAS for Hunger & Sleepiness.  
 
Congratulate the participant for completing the experiment. Try and make them feel 
relaxed.   
Move the measured snacks to the participant and let them know they are now free to help 
themselves. 
 
Load up the online questionnaire and ensure the correct participant number is entered. 
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Provide the paper based “Food Preference Checklist” & Picture validation sheet 
Leave the participant alone to complete the online and paper questionnaires whilst they 
have free access to the food. 
After 10-15mins return to the room (please remain close to the room during this period and 
let them know where you are if they need you). 
Provide the de brief and give an opportunity for questions. 
Allocate 2 lab tokens per participant if appropriate.  
 
 
Attach checklist to all paper based measures and put all elements together in a sleeve in the 
red folder. Ensure participant record sheet is fully completed including any relevant notes. 
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Appendix J – Descriptive statistics Flanker 2 – Chapter 7 
 
Descriptive Statistics Flanker Cognitive 
Control Modulation        
         
 Mean 
Std. 
Deviation Skewness Std. Error z score Kurtosis Std. Error z score 
Age 20.11 1.658 0.391 0.347 1.12680115 0.1 0.681 0.14684288 
BMI 23.6553 5.50114 2.878 0.347 8.29394813 10.987 0.681 16.133627 
Fatigue 14.5745 5.40428 0.74 0.347 2.13256484 0.329 0.681 0.48311307 
PA State 26.2128 5.57922 -0.358 0.347 -1.0317003 0.18 0.681 0.26431718 
NA State 12.6596 2.91381 1.322 0.347 3.80979827 1.354 0.681 1.98825257 
Trait PA 29.383 5.25255 -0.448 0.347 -1.2910663 0.105 0.681 0.15418502 
Trait NA 18.8298 6.26696 0.766 0.347 2.2074928 -0.035 0.681 -0.051395 
PFS aggregate 2.8694 0.80156 0.769 0.347 2.21613833 -0.003 0.681 -0.0044053 
PFS Food Avail 2.5853 1.0123 0.644 0.347 1.85590778 -0.603 0.681 -0.8854626 
PFS Food present 3.3138 0.94044 -0.267 0.347 -0.7694524 -0.683 0.681 -1.0029369 
PFS Food tasted 2.8553 0.7832 0.707 0.347 2.03746398 0.139 0.681 0.2041116 
UPPS Lack Premed. 22.4681 5.25378 0.042 0.347 0.12103746 -0.342 0.681 -0.5022026 
UPPS Urgency 29.0213 6.53582 -0.085 0.347 -0.2449568 -0.885 0.681 -1.2995595 
UPPS Lack Perseverance 20.9574 4.55859 0.207 0.347 0.59654179 0.374 0.681 0.54919236 
UPPS Sensation Seek 31.6383 6.97332 -0.008 0.347 -0.0230548 -0.5 0.681 -0.7342144 
External eating 3.2702 0.57631 0.328 0.347 0.94524496 0.722 0.681 1.06020558 
Emotional eating 2.7517 0.84364 0.564 0.347 1.62536023 0.264 0.681 0.3876652 
Restraint eating 2.5617 0.98081 0.05 0.347 0.14409222 -0.688 0.681 -1.010279 
Food Preference Overall 13.234 6.01163 0.371 0.347 1.06916427 0.034 0.681 0.04992658 
Picture valence food 6.717 1.41011 -0.658 0.347 -1.8962536 0.317 0.681 0.46549192 
Picture valence neutral 4.8298 0.89562 -0.396 0.347 -1.1412104 0.813 0.681 1.1938326 
Hedonic Liking 5.3356 0.93052 -0.119 0.347 -0.3429395 0.914 0.681 1.34214391 
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% Food Eaten 22.0621 17.99613 1.159 0.347 3.34005764 -0.424 0.681 -0.6226138 
RT_Corr 479.583 46.8752 0.083 0.347 0.23919308 -0.066 0.821 -0.0803898 
e_all 7.264 3.94634 0.916 0.347 2.63976945 0.603 0.681 0.88546256 
e_early 0.0277 0.08964 3.434 0.347 9.8962536 11.229 0.681 16.4889868 
e_late 1.4094 1.82279 2.17 0.347 6.25360231 5.96 0.681 8.75183554 
e_no 0.4181 0.7572 2.817 0.347 8.11815562 7.97 0.681 11.7033774 
%correct 90.8798 4.3221 -0.558 0.347 -1.6080692 -0.385 0.681 -0.5653451 
RT_Food 483.3774 47.20008 0.121 0.347 0.34870317 -0.546 0.681 -0.8017621 
RT_F_c 441.7889 50.46598 0.208 0.347 0.59942363 -0.848 0.681 -1.2452276 
RT_F_ics 486.7132 47.6423 0.149 0.347 0.42939481 -0.536 0.681 -0.7870778 
RT_F_icr 526.7177 43.07261 0.109 0.347 0.31412104 -0.151 0.681 -0.2217327 
RT_F_c_c 431.6266 52.83974 0.402 0.347 1.15850144 -0.852 0.681 -1.2511013 
RT_F_c_ics 481.8898 51.83231 0.223 0.347 0.6426513 -0.353 0.681 -0.5183554 
RT_F_c_icr 528.726 47.68527 0.387 0.347 1.11527378 -0.003 0.681 -0.0044053 
RT_F_ics_c 438.7423 51.35649 0.076 0.347 0.21902017 -0.833 0.681 -1.2232012 
RT_F_ics_ics 481.0991 49.65873 0.188 0.347 0.54178674 -0.078 0.681 -0.1145374 
RT_F_ics_icr 522.6453 44.58837 0.148 0.347 0.42651297 -0.41 0.681 -0.6020558 
RT_F_icr_c 454.7913 53.79284 0.186 0.347 0.53602305 -0.936 0.681 -1.3744493 
RT_F_icr_ics 497.1379 47.47765 0.143 0.347 0.41210375 -0.766 0.681 -1.1248164 
RT_F_icr_icr 528.0432 43.51765 -0.095 0.347 -0.2737752 0.042 0.681 0.06167401 
RT_F_sw 483.9679 49.1928 0.228 0.347 0.65706052 -0.383 0.681 -0.5624082 
RT_F_sw_c 446.0911 56.95317 0.391 0.347 1.12680115 -0.333 0.681 -0.4889868 
RT_F_sw_ics 485.5594 48.26169 0.189 0.347 0.54466859 -0.474 0.681 -0.6960352 
RT_F_sw_icr 524.1745 45.10127 0.202 0.347 0.58213256 -0.358 0.681 -0.5256975 
RT_F_sa 482.62 47.85402 -0.001 0.347 -0.0028818 -0.53 0.681 -0.7782673 
RT_F_sa_c 437.5653 49.79576 0.215 0.347 0.61959654 -1.06 0.681 -1.5565345 
RT_F_sa_ics 487.6336 50.4276 0.155 0.347 0.44668588 -0.345 0.681 -0.5066079 
RT_F_sa_icr 528.9689 44.87512 -0.08 0.347 -0.2305476 0.094 0.681 0.13803231 
RT_NoFood 475.7932 51.3552 0.2 0.347 0.57636888 -0.573 0.681 -0.8414097 
RT_NF_c 440.7489 56.96492 0.302 0.347 0.870317 -0.837 0.681 -1.2290749 
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RT_NF_ics 473.6306 49.69553 0.273 0.347 0.78674352 -0.216 0.681 -0.3171806 
RT_NF_icr 517.0215 49.40143 0.066 0.347 0.19020173 -0.394 0.681 -0.5785609 
RT_NF_c_c 432.2309 59.39877 0.292 0.347 0.84149856 -0.912 0.681 -1.339207 
RT_NF_c_ics 470.1283 51.24492 0.227 0.347 0.65417867 -0.432 0.681 -0.6343612 
RT_NF_c_icr 515.7991 50.14885 0.168 0.347 0.48414986 -0.634 0.681 -0.9309838 
RT_NF_ics_c 438.8934 60.23735 0.307 0.347 0.88472622 -0.774 0.681 -1.1365639 
RT_NF_ics_ics 463.0451 51.28271 0.381 0.347 1.09798271 -0.057 0.681 -0.0837004 
RT_NF_ics_icr 518.0843 53.96359 0.142 0.347 0.4092219 -0.16 0.681 -0.2349486 
RT_NF_icr_c 450.7366 55.90522 0.319 0.347 0.91930836 -0.821 0.681 -1.20558 
RT_NF_icr_ics 486.3566 51.85344 0.173 0.347 0.49855908 -0.177 0.681 -0.2599119 
RT_NF_icr_icr 516.7568 49.5907 -0.085 0.347 -0.2449568 -0.277 0.681 -0.4067548 
RT_NF_toy 482.707 53.71298 0.37 0.347 1.06628242 -0.523 0.681 -0.7679883 
RT_NF_toy_c 451.7466 60.07646 0.527 0.347 1.51873199 -0.203 0.681 -0.298091 
RT_NF_toy_ics 479.5755 51.01697 0.213 0.347 0.61383285 -0.631 0.681 -0.9265786 
RT_NF_toy_icr 520.9932 54.56968 0.293 0.347 0.8443804 -0.57 0.681 -0.8370044 
RT_NF_bag 469.0332 51.6493 0.015 0.347 0.04322767 -0.411 0.681 -0.6035242 
RT_NF_bag_c 430.024 57.47325 0.142 0.347 0.4092219 -0.845 0.681 -1.2408223 
RT_NF_bag_ics 467.6657 52.39078 0.304 0.347 0.87608069 0.168 0.681 0.24669604 
RT_NF_bag_icr 513.323 48.1162 -0.24 0.347 -0.6916427 -0.177 0.681 -0.2599119 
FE_F_ICS 44.9243 14.79401 0.183 0.347 0.52737752 -0.989 0.681 -1.4522761 
FE_F_ICR 84.9287 18.48026 -0.005 0.347 -0.0144092 -1.164 0.681 -1.7092511 
FE_NF_ICS 32.8817 21.18167 -0.262 0.347 -0.7550432 0.18 0.681 0.26431718 
FE_NF_ICR 76.2726 20.93706 -0.026 0.347 -0.074928 -0.62 0.681 -0.9104258 
FE_F_SW_ics 39.4683 24.02082 0.219 0.347 0.63112392 -0.136 0.681 -0.1997063 
FE_F_SW_icr 78.0834 25.85564 -0.342 0.347 -0.9855908 -0.671 0.681 -0.9853157 
FE_F_SA_ics 50.0683 22.19209 0.319 0.347 0.91930836 -0.207 0.681 -0.3039648 
FE_F_SA_icr 91.4036 23.33069 -0.403 0.347 -1.1613833 -0.013 0.681 -0.0190896 
FE_Overall 59.7518 13.74397 0.374 0.347 1.0778098 -0.291 0.681 -0.4273128 
FE_Food 64.9265 14.54236 -0.06 0.347 -0.1729107 -1.329 0.681 -1.9515419 
FE_Non_Food 54.5771 18.56079 0.154 0.347 0.44380403 -0.381 0.681 -0.5594714 
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RT_F_CCM 23.8474 34.39017 0.504 0.347 1.45244957 0.488 0.681 0.71659325 
RT_NF_CCM 17.5481 29.22589 0.204 0.347 0.58789625 -0.554 0.681 -0.8135095 
e_Food 7.3806 5.07491 1.431 0.347 4.12391931 2.075 0.681 3.04698972 
e_F_c 4.273 3.77078 2.06 0.347 5.93659942 6.373 0.681 9.35829662 
e_F_ics 4.0898 4.45982 2.447 0.347 7.0518732 7.511 0.681 11.0293686 
e_F_icr 13.7804 10.08541 1.94 0.347 5.5907781 5.582 0.681 8.19676946 
e_F_c_c 4.6417 5.64453 2.054 0.347 5.91930836 4.857 0.681 7.13215859 
e_F_c_ics 3.8543 5.66891 2.411 0.347 6.9481268 6.681 0.681 9.81057269 
e_F_c_icr 14.0523 11.53295 2.081 0.347 5.99711816 5.998 0.681 8.80763583 
e_F_ics_c 3.8185 3.84064 1.445 0.347 4.16426513 3.234 0.681 4.74889868 
e_F_ics_ics 3.3238 4.22641 1.696 0.347 4.88760807 3.599 0.681 5.28487518 
e_F_ics_icr 15.0432 11.37122 1.629 0.347 4.6945245 3.736 0.681 5.48604993 
e_F_icr_c 4.4464 4.25731 1.207 0.347 3.47838617 1.322 0.681 1.94126285 
e_F_icr_ics 4.9062 5.41372 1.498 0.347 4.31700288 1.689 0.681 2.48017621 
e_F_icr_icr 12.3364 9.68931 1.343 0.347 3.870317 2.391 0.681 3.51101322 
e_F_sw 7.5911 6.4725 2.953 0.347 8.51008646 12.384 0.681 18.185022 
e_F_sw_c 5.2538 6.72069 3.5 0.347 10.0864553 16.415 0.681 24.1042584 
e_F_sw_ics 4.4885 6.17856 4.04 0.347 11.6426513 21.364 0.681 31.3715125 
e_F_sw_icr 13.0332 10.17976 1.586 0.347 4.57060519 2.433 0.681 3.57268722 
e_F_sa 7.1704 5.56907 1.724 0.347 4.96829971 3.07 0.681 4.50807636 
e_F_sa_c 3.2921 3.83082 3.338 0.347 9.61959654 16.129 0.681 23.6842878 
e_F_sa_ics 3.6913 4.96772 2.914 0.347 8.39769452 9.912 0.681 14.5550661 
e_F_sa_icr 14.5294 12.15578 2.089 0.347 6.02017291 6.297 0.681 9.24669604 
e_NoFood 7.1481 4.1502 1.057 0.347 3.04610951 0.849 0.681 1.24669604 
e_NF_c 4.7049 3.46189 1.565 0.347 4.51008646 3.737 0.681 5.48751836 
e_NF_ics 4.156 3.88313 1.791 0.347 5.16138329 4.323 0.681 6.34801762 
e_NF_icr 12.5838 7.43321 0.667 0.347 1.9221902 -0.342 0.681 -0.5022026 
e_NF_c_c 4.7487 4.31575 1.761 0.347 5.07492795 3.494 0.681 5.13069016 
e_NF_c_ics 4.143 4.09807 0.79 0.347 2.27665706 -0.049 0.681 -0.071953 
e_NF_c_icr 12.7336 7.67396 0.453 0.347 1.3054755 -0.298 0.681 -0.4375918 
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e_NF_ics_c 4.5781 3.67993 0.901 0.347 2.59654179 0.71 0.681 1.04258443 
e_NF_ics_ics 4.1709 4.38302 1.599 0.347 4.60806916 2.758 0.681 4.04992658 
e_NF_ics_icr 13.0736 8.98852 0.876 0.347 2.52449568 0.049 0.681 0.07195301 
e_NF_icr_c 4.9215 4.86018 1.506 0.347 4.34005764 2.764 0.681 4.05873715 
e_NF_icr_ics 4.2364 4.96316 2.453 0.347 7.06916427 9.493 0.681 13.9397944 
e_NF_icr_icr 11.8274 7.95249 0.506 0.347 1.45821326 -0.883 0.681 -1.2966226 
e_NF_toy 7.4466 3.94075 0.678 0.347 1.95389049 0.138 0.681 0.20264317 
e_NF_toy_c 4.9877 3.5932 1.066 0.347 3.07204611 1.286 0.681 1.88839941 
e_NF_toy_ics 4.123 3.60452 1.095 0.347 3.1556196 1.023 0.681 1.50220264 
e_NF_toy_icr 13.2326 7.56995 0.541 0.347 1.55907781 -0.36 0.681 -0.5286344 
e_NF_bag 6.8489 5.81928 2.446 0.347 7.04899135 7.822 0.681 11.4860499 
e_NF_bag_c 4.4223 5.26672 3.355 0.347 9.6685879 14.994 0.681 22.0176211 
e_NF_bag_ics 4.19 5.57832 2.958 0.347 8.52449568 11.537 0.681 16.9412628 
e_NF_bag_icr 11.936 9.43399 1.287 0.347 3.70893372 1.438 0.681 2.11160059 
 
 
 
 
 
 
 
 
 
 
 234 
 
Appendix K – Descriptive statistics Flanker 3 – Chapter 8 
 
Descriptive Statistics Flanker 3 – 
Food & Non-Food         
         
 Mean 
Std. 
Deviation Skewness Std. Error z score Kurtosis Std. Error z score 
Age 21.25 2.622 4.647 0.343 13.548105 28.517 0.674 42.310089 
BMI 22.7687 3.16545 0.605 0.343 1.7638484 0.026 0.674 0.03857567 
Fatigue 11.4375 5.51943 1.385 0.343 4.03790087 0.547 0.674 0.8115727 
Self-Efficacy 3.8333 0.93019 -0.316 0.343 -0.9212828 -0.762 0.674 -1.1305638 
PA State 29.0417 6.2873 0.021 0.343 0.06122449 -0.333 0.674 -0.4940653 
PA State 13.3958 4.08286 1.559 0.343 4.5451895 2.335 0.674 3.46439169 
Trait PA 31 7.51452 0.009 0.343 0.02623907 -0.738 0.674 -1.0949555 
Trait NA 17.6667 6.30884 0.716 0.343 2.08746356 -0.304 0.674 -0.4510386 
PFS aggregate 2.9296 0.91191 0.239 0.343 0.696793 -0.424 0.674 -0.6290801 
PFS Food Avail 2.7467 1.12416 0.298 0.343 0.86880466 -0.703 0.674 -1.0430267 
PFS Food present 3.1875 1.22962 -0.034 0.343 -0.0991254 -1.169 0.674 -1.7344214 
PFS Food tasted 2.8958 0.87226 0.348 0.343 1.01457726 -0.372 0.674 -0.5519288 
External eating 3.2688 0.79871 -0.15 0.343 -0.4373178 0.028 0.674 0.04154303 
Emotional eating 2.5365 0.89633 0.261 0.343 0.76093294 -0.085 0.674 -0.1261128 
Restraint eating 2.1708 0.93307 0.658 0.343 1.91836735 0.166 0.674 0.2462908 
Food Knowledge 23.1702 3.39641 -1.296 0.347 -3.7348703 3.447 0.681 5.06167401 
Food Pref. Overall 12.3958 7.15999 -0.002 0.343 -0.0058309 -0.638 0.674 -0.9465875 
Picture valence food 7.1188 1.23593 0.093 0.343 0.27113703 -1.107 0.674 -1.6424332 
Pic valence non food 5.0667 0.80354 -0.645 0.343 -1.8804665 0.608 0.674 0.90207715 
Hedonic Liking 5.609 1.03138 -0.108 0.347 -0.3112392 0.579 0.681 0.85022026 
% Food Eaten 20.0767 20.49951 1.025 0.343 2.98833819 -0.152 0.674 -0.2255193 
UPPS Lack Premed. 2.1683 0.44655 -0.139 0.343 -0.4052478 0.349 0.674 0.51780415 
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UPPS Urgency 2.375 0.55598 -0.098 0.343 -0.2857143 -0.136 0.674 -0.2017804 
UPPS Lack Perseverance 2.0542 0.40474 0.041 0.343 0.11953353 0.692 0.674 1.02670623 
UPPS Sensation Seek 3.0281 0.64712 -0.771 0.343 -2.2478134 1.139 0.674 1.68991098 
RT correct 450.6583 49.6052 0.091 0.343 0.26530612 -0.98 0.674 -1.4540059 
e_all 7.7528 4.95774 0.705 0.343 2.05539359 -0.351 0.674 -0.5207715 
e_early 0.0326 0.15777 5.935 0.343 17.303207 37.477 0.674 55.6038576 
e_late 0.7053 1.39253 3.32 0.343 9.67930029 11.859 0.674 17.5949555 
e_no 0.4449 1.04161 4.596 0.343 13.3994169 24.998 0.674 37.0890208 
RT_Food 444.518 53.12899 0.152 0.343 0.44314869 -0.855 0.674 -1.268546 
RT_F_c 399.8229 52.41142 0.239 0.343 0.696793 -0.681 0.674 -1.0103858 
RT_F_ics 447.4593 53.01655 0.226 0.343 0.65889213 -0.64 0.674 -0.9495549 
RT_F_icr 494.0724 52.82542 0.16 0.343 0.4664723 -1.105 0.674 -1.6394659 
RT_NoFood 456.9107 47.90635 0.083 0.343 0.24198251 -0.907 0.674 -1.3456973 
RT_NF_c 412.9253 48.25288 0.114 0.343 0.33236152 -0.725 0.674 -1.0756677 
RT_NF_ics 459.1373 47.39742 0.06 0.343 0.17492711 -0.741 0.674 -1.0994065 
RT_NF_icr 505.8792 47.55566 0.203 0.343 0.59183673 -0.844 0.674 -1.2522255 
RT_F_FmSm 434.509 60.46966 0.235 0.343 0.6851312 -0.258 0.674 -0.3827893 
RT_F_FmSm_c 393.5699 60.3332 0.536 0.343 1.56268222 -0.174 0.674 -0.2581602 
RT_F_FmSm_ics 439.876 64.12742 0.507 0.343 1.47813411 0.532 0.674 0.78931751 
RT_F_FmSm_icr 476.7785 63.69019 -0.102 0.343 -0.2973761 -0.689 0.674 -1.0222552 
RT_NF_FmSm 450.695 54.37192 0.741 0.343 2.16034985 1.023 0.674 1.51780415 
RT_NF_FmSm_c 405.0054 56.06888 0.933 0.343 2.72011662 0.973 0.674 1.44362018 
RT_NF_FmSm_ics 452.9684 58.81558 0.622 0.343 1.81341108 0.733 0.674 1.08753709 
RT_NF_FmSm_icr 502.6889 55.90705 0.688 0.343 2.0058309 1.299 0.674 1.9272997 
RT_F_FmSp 455.316 54.09804 0.283 0.343 0.82507289 0.406 0.674 0.60237389 
RT_F_FmSp_c 405.47 57.0432 0.467 0.343 1.36151603 -0.057 0.674 -0.0845697 
RT_F_FmSp_ics 457.2319 52.61752 0.274 0.343 0.79883382 0.32 0.674 0.47477745 
RT_F_FmSp_icr 510.039 56.58702 0.284 0.343 0.82798834 0.271 0.674 0.40207715 
RT_NF_FmSp 467.7601 56.09648 0.251 0.343 0.73177843 -0.579 0.674 -0.8590504 
RT_NF_FmSp_c 423.9335 58.9154 0.578 0.343 1.6851312 0.029 0.674 0.04302671 
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RT_NF_FmSp_ics 473.5823 56.43321 0.103 0.343 0.30029155 -0.69 0.674 -1.0237389 
RT_NF_FmSp_icr 512.0407 59.52409 0.249 0.343 0.72594752 -0.078 0.674 -0.115727 
RT_F_FpSm 446.0091 57.41287 0.213 0.343 0.62099125 -1.092 0.674 -1.620178 
RT_F_FpSm_c 404.814 55.99553 0.211 0.343 0.61516035 -0.995 0.674 -1.4762611 
RT_F_FpSm_ics 446.6469 61.14597 0.402 0.343 1.17201166 -0.462 0.674 -0.6854599 
RT_F_FpSm_icr 493.4678 60.88682 0.263 0.343 0.76676385 -0.993 0.674 -1.4732938 
RT_NF_FpSm 453.4048 50.95048 0.105 0.343 0.30612245 -0.94 0.674 -1.3946588 
RT_NF_FpSm_c 413.052 51.53471 0.078 0.343 0.22740525 -0.999 0.674 -1.4821958 
RT_NF_FpSm_ics 451.9997 52.75189 0.294 0.343 0.85714286 -0.541 0.674 -0.8026706 
RT_NF_FpSm_icr 500.0873 54.26394 0.169 0.343 0.49271137 -0.825 0.674 -1.2240356 
RT_F_FpSp 441.6884 58.49466 0.032 0.343 0.09329446 -0.951 0.674 -1.4109792 
RT_F_FpSp_c 395.9807 55.7612 0.031 0.343 0.09037901 -0.871 0.674 -1.2922849 
RT_F_FpSp_ics 445.5917 62.77926 0.311 0.343 0.90670554 -0.384 0.674 -0.5697329 
RT_F_FpSp_icr 492.3996 62.09892 0.06 0.343 0.17492711 -0.939 0.674 -1.3931751 
RT_NF_FpSp 455.4529 50.43212 -0.075 0.343 -0.2186589 -1.091 0.674 -1.6186944 
RT_NF_FpSp_c 410.2057 52.43471 0.125 0.343 0.36443149 -0.653 0.674 -0.9688427 
RT_NF_FpSp_ics 458.1471 51.75395 -0.31 0.343 -0.9037901 -0.78 0.674 -1.15727 
RT_NF_FpSp_icr 507.7949 52.94958 0.078 0.343 0.22740525 -0.555 0.674 -0.8234421 
FE_F_ICS 47.6364 18.46364 0.755 0.343 2.20116618 1.618 0.674 2.40059347 
FE_F_ICR 94.2495 20.08134 0.212 0.343 0.6180758 -0.079 0.674 -0.1172107 
FE_NF_ICS 46.2119 14.62129 -0.587 0.343 -1.7113703 0.617 0.674 0.91543027 
FE_NF_ICR 92.9539 19.95272 -0.034 0.343 -0.0991254 2.664 0.674 3.95252226 
FE_Overall 70.263 12.69336 0.37 0.343 1.0787172 -0.469 0.674 -0.6958457 
FE_F_FmSm_ICS 46.3062 28.11926 -0.447 0.343 -1.303207 1.38 0.674 2.04747774 
FE_F_FmSm_ICR 83.2087 35.00902 0.124 0.343 0.36151603 -0.294 0.674 -0.4362018 
FE_NF_FmSm_ICR 97.6835 36.89489 -0.496 0.343 -1.4460641 0.606 0.674 0.89910979 
FE_NF_FmSm_ICs 47.963 27.12861 0.66 0.343 1.92419825 0.333 0.674 0.49406528 
FE_F_FmSp_ICR 104.569 30.30109 0.172 0.343 0.50145773 0.176 0.674 0.2611276 
FE_F_FmSp_ICs 51.7619 29.83648 -0.587 0.343 -1.7113703 0.705 0.674 1.04599407 
FE_NF_FmSp_ICR 88.1072 30.43042 -0.637 0.343 -1.8571429 0.85 0.674 1.2611276 
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FE_NF_FmSp_ICs 49.6489 33.81848 0.188 0.343 0.54810496 0.804 0.674 1.19287834 
FE_F_FpSm_ICR 88.6539 35.01123 0.581 0.343 1.69387755 0.723 0.674 1.0727003 
FE_F_FpSm_ICs 41.8329 28.10179 0.255 0.343 0.74344023 2.545 0.674 3.77596439 
FE_NF_FpSm_ICR 87.0353 30.38482 0.225 0.343 0.65597668 0.265 0.674 0.39317507 
FE_NF_FpSm_ICs 38.9477 31.99945 -0.123 0.343 -0.3586006 -0.63 0.674 -0.9347181 
e_Food 7.8776 5.25535 0.484 0.343 1.41107872 -0.867 0.674 -1.2863501 
e_F_c 3.0599 3.15738 0.834 0.343 2.43148688 -0.45 0.674 -0.6676558 
e_F_ics 4.1667 4.38796 1.193 0.343 3.47813411 0.819 0.674 1.21513353 
e_F_icr 16.4063 11.46387 0.819 0.343 2.3877551 0.069 0.674 0.10237389 
e_NoFood 7.5629 5.29405 1.075 0.343 3.13411079 0.534 0.674 0.79228487 
e_NF_c 3.8411 4.07652 2.202 0.343 6.41982507 7.384 0.674 10.9554896 
e_NF_ics 3.3854 3.72182 2.869 0.343 8.36443149 12.133 0.674 18.0014837 
e_NF_icr 15.4622 11.52371 1.133 0.343 3.303207 0.456 0.674 0.67655786 
e_F_FmSm 7.9427 6.68073 0.937 0.343 2.73177843 -0.121 0.674 -0.1795252 
e_NF_FmSm 6.9444 6.11306 1.276 0.343 3.72011662 1.257 0.674 1.86498516 
e_F_FmSp 6.8142 4.95137 0.526 0.343 1.5335277 -0.793 0.674 -1.1765579 
e_NF_FmSp 8.6806 7.19552 1.059 0.343 3.08746356 0.498 0.674 0.7388724 
e_F_FpSm 7.4653 5.92123 0.826 0.343 2.40816327 0.114 0.674 0.16913947 
e_NF_FpSm 7.5087 5.44862 0.625 0.343 1.82215743 -0.389 0.674 -0.5771513 
e_F_FpSp 9.2882 6.73994 0.315 0.343 0.91836735 -1.06 0.674 -1.5727003 
e_NF_FpSp 7.1181 6.31371 1.507 0.343 4.39358601 1.602 0.674 2.3768546 
FE_Overall 6.4046 5.49406 0.875 0.343 2.55102041 0.742 0.674 1.10089021 
e_FE_F_ICS 1.1068 3.50066 0.098 0.343 0.28571429 0.584 0.674 0.86646884 
e_FE_F_ICR 13.3464 10.76738 0.884 0.343 2.57725948 0.456 0.674 0.67655786 
e_FE_NF_ICS -0.4557 2.69591 -0.175 0.343 -0.5102041 -0.35 0.674 -0.5192878 
e_FE_NF_ICR 11.6211 10.72362 1.278 0.343 3.72594752 0.997 0.674 1.47922849 
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Appendix L – G*Power calculations Reasoning Correlation studies: 
t tests - Correlation: Point biserial model 
Analysis: A priori: Compute required sample size  
Input: Tail(s) = One 
 Effect size |ρ| = 0.3 
 α err prob = 0.05 
 Power (1-β err prob) = 0.80 
Output: Noncentrality parameter δ = 2.5158836 
 Critical t = 1.6698042 
 Df = 62 
 Total sample size = 64 
 Actual power = 0.8005036 
 
Experiment part of Ch 3 & 4 
 
F tests - ANOVA: Repeated measures, within factors 
Analysis: A priori: Compute required sample size  
Input: Effect size f = 0.14 
 α err prob = 0.05 
 Power (1-β err prob) = 0.80 
 Number of groups = 1 
 Number of measurements = 4 
 Corr among rep measures = 0.5 
 Nonsphericity correction ε = 1 
Output: Noncentrality parameter λ = 11.1328000 
 Critical F = 2.6475951 
 Numerator df = 3.0000000 
 Denominator df = 210 
 Total sample size = 71 
 Actual power = 0.8009951 
One condition – each reasoning form shown min 4 times 
 
Reasoning lab based study 
F tests - ANOVA: Repeated measures, within factors 
Analysis: A priori: Compute required sample size  
Input: Effect size f = 0.14 
 α err prob = 0.05 
 Power (1-β err prob) = 0.80 
 Number of groups = 2 
 Number of measurements = 5 
 Corr among rep measures = 0.5 
 Nonsphericity correction ε = 1 
Output: Noncentrality parameter λ = 12.5440000 
 Critical F = 2.4080424 
 Numerator df = 4.0000000 
 Denominator df = 248 
 Total sample size = 64 
 Actual power = 0.8135979 
Two conditions – speeded and free 
Each reasoning type shown minimum 5 times 
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Flanker 1 
F tests - ANOVA: Repeated measures, within factors 
Analysis: A priori: Compute required sample size  
Input: Effect size f = 0.14 
 α err prob = 0.05 
 Power (1-β err prob) = 0.80 
 Number of groups = 4 
 Number of measurements = 72 
 Corr among rep measures = 0.5 
 Nonsphericity correction ε = 1 
Output: Noncentrality parameter λ = 45.1584000 
 Critical F = 1.3081407 
 Numerator df = 71.0000000 
 Denominator df = 852 
 Total sample size = 16 
 Actual power = 0.9013438 
 
F tests - ANOVA: Repeated measures, within factors 
Analysis: A priori: Compute required sample size  
Input: Effect size f = 0.14 
 α err prob = 0.05 
 Power (1-β err prob) = 0.80 
 Number of groups = 8 
 Number of measurements = 72 
 Corr among rep measures = 0.5 
 Nonsphericity correction ε = 1 
Output: Noncentrality parameter λ = 45.1584000 
 Critical F = 1.3165296 
 Numerator df = 71.0000000 
 Denominator df = 568 
 Total sample size = 16 
 Actual power = 0.8908839 
8 possible food categorisations (4f-S-) 
Each trial type for each of the 8 food categories measured 72 times. 
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CCM Flanker 
F tests - ANOVA: Repeated measures, within factors 
Analysis: A priori: Compute required sample size  
Input: Effect size f = 0.14 
 α err prob = 0.05 
 Power (1-β err prob) = 0.80 
 Number of groups = 2 
 Number of measurements = 64 
 Corr among rep measures = 0.5 
 Nonsphericity correction ε = 1 
Output: Noncentrality parameter λ = 35.1232000 
 Critical F = 1.3284647 
 Numerator df = 63.0000000 
 Denominator df = 756 
 Total sample size = 14 
 Actual power = 0.8008654 
2 conditions (Food v Non-food) 
Each trial type measured 64 times 
 
Flanker 3 
F tests - ANOVA: Repeated measures, within factors 
Analysis: A priori: Compute required sample size  
Input: Effect size f = 0.14 
 α err prob = 0.05 
 Power (1-β err prob) = 0.80 
 Number of groups = 2 
 Number of measurements = 16 
 Corr among rep measures = 0.5 
 Nonsphericity correction ε = 1 
Output: Noncentrality parameter λ = 20.0704000 
 Critical F = 1.6886525 
 Numerator df = 15.0000000 
 Denominator df = 450 
 Total sample size = 32 
 Actual power = 0.8186186 
2 conditions (Food v Non-food) 
Each trial type measured minimum 16 times 
 
 
 
